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ABBREVIATIONS

ABBREVIATION/ACRONYM MEANING
AC Asbestos Cement
ADD Average day demand
APHA Amer�can Publ�c Health Assoc�at�on
ASCE Amer�can Soc�ety of C�v�l Eng�neers
ASME Amer�can Soc�ety of Mechan�cal Eng�neers
ASTM Amer�can Soc�ety for Test�ng and Mater�als
AWWA Amer�can Water Works Assoc�at�on
BPS Booster pump stat�on
CRS Capac�ty-related storage
CSV Cycle stop valve
CT Chlor�ne concentrat�on x t�me
DBP D�s�nfect�on by-product
DDP D�str�ct Development Plan
DE D�atomaceous earth
DI Duct�le Iron
DOH Un�ted States Department of Health
DS Dead storage
DSL D�str�but�on system leakage
EAW Equ�valent Annual Worth
EDB Ethylene D�brom�de
EIA Env�ronment Impact Assessment
EMP Env�ronmental Mon�tor�ng Plan
EOCC Econom�c Opportun�ty Cost of Cap�tal
EPA Env�ronmental Protect�on Agency
EPS Extended-per�od s�mulat�on
ERA Electr�c�ty Regulatory Author�ty
ERU Equ�valent res�dent�al un�t
ES Equal�z�ng storage
ETV Environmental testing verification
EU European Un�on
FGD Focus Group D�scuss�ons
FIRR F�nanc�al Internal Rate of Return
Fps Feet per second
FSS F�re suppress�on storage
GAC Granular act�vated carbon
GS Galvan�zed Steel
HC Health Centre
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ABBREVIATION/ACRONYM MEANING
HDPE H�gh Dens�ty Polyethylene
IFC Internat�onal F�nance Corporat�on
IMF Internat�onal Monetary Fund
IRR Internal Rate of Return
ISO Internat�onal Standards Organ�zat�on
LC Local Counc�l
MARR M�n�mum Acceptable Rate of Return
MPa Mega Pascal
MWE M�n�stry of Water and Env�ronment
NEA Un�ted States Nat�onal Env�ronment Act
NEMA Nat�onal Env�ronment Management Author�ty
NFA Nat�onal Forestry Author�ty
NPV Net Present Value
Pa Pascal
PAP Project Affected Person
PE Person Equ�valent
PLRA Prec�se Locat�on of Res�st�v�ty Anomaly
SEIA Soc�al and Env�ronment Impact Assessment
ToR Terms of Reference
UAIA Uganda Assoc�at�on for Impact Assessment
UNBS Uganda Nat�onal Bureau of Standards
uPVC Un-Plast�c�zed Polyv�nyl Chlor�de
US Uganda Standard
USEPA U.S. Env�ronmental Protect�on Agency
UTM Un�versal Transverse Mercator
UWA Uganda W�ldl�fe Author�ty
WB World Bank
WHO World Health Organ�zat�on
WPCF Water Pollut�on Control Federat�on
WSP Water system plan
WSP Water Supply Projects
WTP Water Treatment Plant
WUE Water use efficiency
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1.1  General Introduction

The M�n�stry of Water and Env�ronment publ�shed the F�rst Ed�t�on of the Water Supply Des�gn Manual 
�n the year �000. Th�s Manual has been extremely useful �n meet�ng the needs of those engaged �n the 
plann�ng and des�gn of water supply systems. Over t�me, however, new technolog�es �n the des�gn of 
water supply systems have evolved; a lot of exper�ence has been ga�ned, and new �ssues such as cl�mate 
change have emerged that have necess�tated the rev�s�on of th�s Manual.

1.2 Purpose of the Water Supply Design Manual

The Water Supply Des�gn Manual �s to ensure that the plann�ng and des�gn of water suppl�es �s formal�zed, 
follows set procedures, and s�m�lar processes and procedures are �mplemented. 

1.3 Structure of the Manual

The Second Edition of the Water Supply Design Manual follows that of the first edition. This is to enable 
those who are used to the first edition to find their way through the Second Edition. There is however, a 
significant expansion of content in most of the chapters and the introduction of new chapters covering 
social and environmental assessments; financial and economic analysis.

The chapters and the�r contents are arranged as follows:

Chapter �:  Introduct�on - background and pol�cy and legal framework for water supply �n Uganda.

Chapter �:  Water Demand - methods of est�mat�ng water demand. 

Chapter 3:  Water Sources - types of water sources.

Chapter 4:  Water Intakes - types of �ntakes assoc�ated w�th water sources.

Chapter 5:  Water Qual�ty - nat�onal and relevant �nternat�onal water qual�ty �ssues. 

Chapter 6:  Water Treatment - commonly used treatment opt�ons �n Uganda. 

Chapter 7:  Water Transm�ss�on and D�str�but�on - p�pel�ne des�gn for water supply. 

Chapter 8:  Water Pump�ng - the gu�del�nes for s�z�ng pumps for raw and treated water and the var�ous 
sources of power for the pumps.

Chapter 9:  Treated Water Storage - �nformat�on on the types and capac�t�es of water storage tanks �n 
water supply.

Chapter �0:  Env�ronmental and Soc�al Impact Assessments - env�ronmental and soc�al Impact 
assessment captured by a basel�ne study.

Chapter ��:  Cost Est�mates - the var�ous methods by wh�ch cost est�mates for water supply may be 
calculated. 

Chapter 12:  Financial and Economic Analysis - the possibilities for financial and economic analysis of 
alternat�ves to gu�de the Des�gner �n mak�ng cho�ces for development.

Chapter �3: Des�gn Reports - the outl�nes of the ma�n reports expected from the Des�gner of the water 
suppl�es.

INTRODUCTION
Chapter1
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1.4   Policy, Legal and Institutional Framework for Water Supply in Uganda

1.4.1 Policy Framework

Water supply �n Uganda �s governed by the Nat�onal Water Pol�cy. The Pol�cy created the Water Pol�cy 
Comm�ttee [WPC] to ass�st and adv�se the M�n�ster of Water and Env�ronment and to promote Inter-
M�n�ster�al and �nter-sectoral coord�nat�on over a w�de range of water resources management and 
development. The WPC prov�des an avenue for promot�ng IWRM at nat�onal level and gu�d�ng the 
strateg�c management and development of water resources of the country. The WPC also coord�nates 
the preparation of national water quality standards; and mediations and undertakes conflict resolution 
between nat�onal author�t�es on water resources matters [MWE, �0��].

Important pol�c�es that �mpact the sector �nclude:

Uganda Water Act�on Plan (�995);
The Nat�onal Env�ronment Pol�cy (�994);
Nat�onal Health Pol�cy and Health Sector Strateg�c Plan (�999); and
Nat�onal Gender Pol�cy (�997).

1.4.2 Strategic Framework

Important strateg�es �nclude:

Water Supply and San�tat�on Sector Investment Plans and Allocat�on Pr�nc�ples (SIP �008-�035) 
(�009);
Rural Water and San�tat�on Operat�on Plan �00�-�007 (OP5);
Memorandum of Understand�ng between the M�n�stry of Water and Env�ronment (MWE), 
M�n�stry of Health (MoH) and the M�n�stry of Educat�on and Sports (MoES) (Dec �00�);
Nat�onal Framework for Operat�on and Ma�ntenance of Rural Water Suppl�es (�004);
Rural Growth Centres Strategy (�005);
Strategy for Water and Env�ronmental San�tat�on Emergency Response �n Uganda (�004);
Steps �n Implementat�on of Water and San�tat�on Software Act�v�t�es (MWE/DWD �n �005);
Strategy for Ma�nstream�ng HIV/AIDS (�004);
Long Term Strategy for Water Supply and San�tat�on Serv�ces �n Small Towns (MWE/DWD, 
�003);
The Improved San�tat�on and Hyg�ene Strategy (ISH), (�006);
San�tat�on Mob�l�zat�on Steps (MWE/DWD, �004); and
Plann�ng Gu�del�nes for Hyg�ene Promot�on and Educat�on (MoH/EHD, �005).

1.4.3 Regulatory Framework

The M�n�stry of Water and Env�ronment through �ts D�rectorates of Water Development (DWD) and 
that of Water Resources Management (DWRM) �s respons�ble for the regulat�on of water suppl�es �n 
Uganda. The M�n�stry, through the Nat�onal Env�ronment Management Author�ty and the Wetlands 
Department �s respons�ble for the regulat�on of the env�ronment and the wetlands from wh�ch water 
suppl�es are made [Water Act, Cap �5�]. 

Dur�ng �mplementat�on of water supply projects, the �mportant acts and regulat�ons to be consulted are 
[ULRC, �0��]:

The Const�tut�on of the Republ�c of Uganda;
The Water Act, Cap �5�, and several regulat�ons, such as those on water resources and water 
qual�ty made under the Act;
The Local Governments Act, Cap �43,;
Nat�onal Water and Sewerage Corporat�on Act, Cap 3�7;

�)
��)
���)
�v)

�)

��)
���)

�v)
v)
v�)
v��)
v���)
�x)

x)
x�)
x��)

�)
��)

���)
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The Publ�c Health Act, Cap �8�;
The Nat�onal Env�ronmental Act, Cap �53, and several regulat�ons such as EIA Regulat�ons, 
Statutory Instrument No. �3, �998, the Nat�onal Env�ronment (Standards for D�scharge of 
Effluent into Water or on Land) Regulations, S.I. No 5/1999, the National Environment (Hilly 
And Mounta�nous Area Management) Regulat�ons, �000, etc. made under the Act;
The Uganda W�ldl�fe Act, Cap �00;
The Land Act, Cap ��7; and
The Town and Country Plann�ng Act, Cap �46.

Regulat�on of the persons who may be �nvolved �n the des�gn of water suppl�es �s covered by:

Eng�neers Reg�strat�on Act, Cap �7�;
Surveyors Reg�strat�on Act, Cap �75; 
Arch�tects Reg�strat�on Act, Cap �69; and
Nat�onal Env�ronment Act, Cap �53

The key profess�onals �nvolved �n the des�gn of water suppl�es should be reg�stered accord�ngly and 
should be l�censed to pract�ce the�r respect�ve profess�ons �n Uganda.

1.4.4 Institutional Framework

The �nst�tut�onal framework of the water and env�ronment sector �s captured �n F�gure �-�.

Figure 1-1: Institutional Framework for the Water and Environment Sector, 2011.
Source: MWE, 2011: Water and Sanitation Sector Performance Report, 2011.

1.5  Basic Design Principles of Water Supply in Uganda

A water supply project should be des�gned on the bas�s of the follow�ng pr�nc�ples:

Capac�ty to sat�sfy demand at the projected serv�ce levels over the des�gn hor�zon;
Prov�s�on of adequate safe and san�tary (potable) water;
Wise, effective, efficient and environmentally friendly use of the water resource;
Safe and sound operat�on and ma�ntenance of the water fac�l�t�es;
The system and �ts operat�ons to conform to the Water Act and any regulat�ons and gu�del�nes 
related �t;
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Enhancement of the qual�ty of l�v�ng standards of the consumers; and
Appropriate and cost effective technology relevant to the beneficiaries of the system.

1.6  History of Water Supply in Uganda

The first water treatment plants in Uganda were constructed in Entebbe and in Gaba, in Kampala, by 
the Colon�al Adm�n�strat�on of the Uganda Protectorate. Gaba Water Works �s the largest of the water 
treatment plants �n Uganda, serv�ng the Greater Kampala Metropol�tan Area wh�ch stretches from 
Gaba to Kawempe D�v�s�on to the North, Mukono Mun�c�pal�ty to the East and to Wak�so D�str�ct �n 
the East

The Government suppl�es water to the urban centres of Kampala, Entebbe and J�nja through the Nat�onal 
Water and Sewerage Corporat�on wh�ch was created under the NWSC Act. In add�t�on, NWSC suppl�es 
water to �0 urban centres – the largest of the urban centres �n Uganda. The small towns and rural growth 
centres are suppl�ed water by the D�rectorate of Water Development through the large towns’ water and 
san�tat�on boards, d�str�cts or through the pr�vate sector.

1.7 Technology Choices

The common technolog�es used �n water supply �n Uganda are:

Ra�nwater harvest�ng;
Spr�ngs;
Shallow (dug) wells;
Deep boreholes;
Rock catchment;
Dams;
Grav�ty fed systems;
Pumped water suppl�es; and
Bulk water transfer systems.

Apart from bulk water suppl�es, the rest of the technolog�es have been w�dely used �n Uganda for water 
suppl�es. The M�n�stry of Water and Env�ronment has prepared strateg�es to move large quant�t�es of 
water from areas where there �s excess supply to those areas that are water stressed. 

Th�s Manual does recogn�ze the ex�stence of systems that can be developed for bulk water suppl�es such 
as:

The Rwenzor� Mounta�ns that can supply large parts of Kasese and surround�ng areas;
The Mount Elgon Mounta�ns that can supply large parts of Karamoja; Sebe�; Teso and Bug�su 
w�th water; and
The Lake Kyoga system wh�ch can supply areas of Nakasongola, Lango and Achol� w�th 
water.

These systems requ�re large scale soc�al and env�ronmental �mpact assessments before they can be 
�mplemented and w�ll certa�nly requ�re the �ndulgence of the ne�ghbour�ng states s�nce these water 
systems are trans-boundary.

1.8 Instances of Failure of Water Supplies in Uganda

Failure of large water supplies is rare in Uganda. Boreholes, springs and gravity flow sources and 
d�str�but�on systems have fa�led on a small scale. For the large sources, the fa�lures or �nadequac�es are 
corrected on emergency bas�s s�nce the adage �n Uganda �s that ‘water �s l�fe’ – total fa�lure �s s�mply 
unacceptable. Common among the fa�lures and �nadequac�es of water suppl�es are the follow�ng:
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Fa�lure of the water treatment system to prov�de water of acceptable qual�ty;
Fa�lure of the pump�ng, storage and d�str�but�on system to supply adequate water supply to the 
consumers;
Fa�lure of boreholes to prov�de adequate quant�ty and/or qual�ty of water;
Des�gn fa�lures where the new systems have fa�led to perform due to poor system des�gn;
Destruct�on of water suppl�es by storm water, earth movements, l�ghtn�ng str�kes or other natural 
catastrophes;
Dry�ng up of the ma�n source of raw water;
Abandonment of water sources due to pollut�on; and
Abandonment of sources due to env�ronmental cons�derat�ons such as gazett�ng of the source 
area as a protected zone.

Examples of ser�ous water system fa�lure or �nadequacy �nclude:

Pall�sa Town Water Supply wh�ch has cons�stently produced poor water qual�ty;
Busheny�/Ishaka Mun�c�pal Water Supply System wh�ch has fa�led to produce water of acceptable 
aesthet�c qual�ty;
Several gravity flow schemes that have been destroyed by flooding in the Elgon and Ruwenzori 
mounta�ns;
Numerous boreholes that have dr�ed up or have got polluted w�th faecal matters or w�th salt 
water �ntrus�on along the shores of Lake V�ctor�a and Lake Kyoga; and
Numerous spr�ngs and wells that were poorly s�ted dur�ng the wet season only to dry up dur�ng 
the dry season or get polluted w�th surface water dur�ng extreme wet seasons.

1.9   Comparative Analysis of Some Water Supplies in Uganda

1.9.1 Performance Rating of NWSC Towns

Nat�onal Water and Sewerage Corporat�on �s g�ven an annual Performance Contract to operate and 
manage water suppl�es �n the major towns of Uganda. The Corporat�on operates �n twenty three towns 
namely Kampala (�nclud�ng Kajjans� and Nansana), J�nja/Njeru, Entebbe, Tororo, Mbale, Masaka, 
Mbarara, Gulu, L�ra, Lugaz�, Fort Portal, Kasese, Kabale, Arua, Busheny�/Ishaka, Sorot�, Mukono, 
Malaba, Iganga, Mubende, Ho�ma, Mas�nd� and Kaberama�do. Mukono water serv�ces are managed by 
Kampala Area; Malaba �s under Tororo Area [NWSC, �0�0]. Through �ts operat�ons, �t prov�des water 
and sewerage serv�ces to about �.3 m�ll�on people out of the targeted 3.� m�ll�on. Around 7�% of NWSC 
water output amount�ng to 7� m�ll�on cu.m �s suppl�ed to Kampala and �ts env�rons, mak�ng th�s the most 
�mportant for the�r operat�ons. NWSC has shown a remarkable �mprovement �n �ts operat�ons over the 
last 10 years, leading to improved financial performance.

NWSC keeps and publ�shes comprehens�ve sets of data for �ts operat�ons. These data show d�ffer�ng 
levels of compl�ance w�th nat�onal and other standards as well as performance data for all the NWSC 
towns. The major�ty of the town water suppl�es are from surface water, wh�ch requ�res convent�onal 
treatment, thus the aesthet�c qual�ty parameters are �mportant �nd�cators of system performance. Capac�ty 
ut�l�zat�on �s a two-faced �nd�cator. For Kampala, w�th a capac�ty ut�l�zat�on of 90%, the emergency 
capac�ty �s m�n�mal and �nd�cates that the treatment capac�ty should be �ncreased. 

On the other hand, low capac�ty ut�l�zat�on such as �n Sorot� (�9%) �nd�cates over-des�gn or broken 
down systems. The system des�gner should avo�d e�ther extreme.

Wh�le the major�ty of samples have adequate removal of E-Col�, there �s a problem w�th the aesthet�c 
qual�ty of some of the towns. Aesthet�c qual�ty may be represented by colour, turb�d�ty and TSS, s�nce 
they g�ve the consumers the feel�ng that the water qual�ty �s not acceptable. All the samples were 
found want�ng �n one or more of the parameters, w�th the greatest problem be�ng �n Ishaka/Busheny� 
Mun�c�pal�ty.

�)
��)

���)
�v)
v)

v�)
v��)
v���)

�)
��)

���)

�v)

v)
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Des�gners should be careful to �mprove on the aesthet�c qual�ty of water w�thout greatly �ncreas�ng the 
cost of treatment. Th�s may be ach�eved by a comb�nat�on of treatment methods and �nclus�on of slow 
sand filtration wherever possible.

Accord�ng to the performance cr�ter�a, the top e�ght best perform�ng towns �n the large urban areas: (�) 
Fort Portal, (�) Kasese, (3) Entebbe, (4) Kabale, (5) Arua, (6) Kampala, (7) Gulu and (8) Lugaz�, based 
on the percentages compl�ance w�th set standards and capac�ty ut�l�zat�on as a percentage of �nstalled 
capac�ty. Kampala, the largest of the urban centers by far, has almost full capac�ty ut�l�zat�on, wh�ch 
boosts �ts scores but �t performs less �n the other parameters. These parameters have �nbu�lt des�gn 
elements (efficiency of treatment systems) and operational elements. The global unit consumption 
figures are given in Table 1- 2.

Table 1-1: Percentage Compliance for Treated Water Quality in NWSC Towns, 2010

Area Colour Turbidity TSS Residual 
Chlorine

E-
Coli

Capacity 
use

Billing 
efficiency Total

Fort Portal 96 �00 93 94 �00 89 79.6 65�
Kasese �00 �00 93 93 �00 80 8�.7 649
Entebbe �00 �00 99 �00 99 54 89.� 64�
Kabale �00 �00 9� 9� �00 65 9�.0 639
Arua 9� 98 9� 93 �00 67 90.9 633
Kampala 90 �00 98 93 �00 90 60.8 63�
Gulu 9� �00 90 94 �00 7� 84.3 63�
Lugaz� �00 �00 95 94 �00 5� 77.3 6�7
Mbale 99 �00 94 99 �00 3� 9�.� 6�6
Mas�nd� 94 �00 90 9� �00 48 89.� 6��
J�nja 99 �00 94 93 99 50 74.� 609
Sorot� 94 99 9� 97 �00 �9 85.5 597
Ho�ma 94 �00 90 89 �00 34 86.� 593
Masaka 90 99 89 90 �00 58 66.7 593
Mbarara 80 95 80 8� �00 64 88.6 589
Mubende 88 99 90 87 96 37 87.� 584
L�ra 86 �00 76 88 �00 4� 87.0 578
Tororo 80 94 78 90 97 40 90.3 569
Busheny� 5 60 66 48 �00 53 80.8 4�3
Average 97 �00 94 94 �00 63 8�.8 630

TSS: Total Suspended Solids
Source: NWSC, 2010 and 2012 (excludes Iganga for which some of the data was missing).
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Figure 1-2 Consumption Volume (m3/year) per Connection in NWSC Towns [NWSC, 2010]
Source: NWSC, 2010.

Table 1-2: Per Capita Water Sales Per Customer Category For NWSC Towns.

Consumer 
category

No. of 
connections

Total water sold 
(m3/year)

Water sales per 
connection (m3/d)

Water sales per 
connection (l/d)

Publ�c Stand posts 7,748 �,�57,335 0.8 798.�0
Domest�c �94,848 ��,996,603 0.3 3�3.35
Inst�tut�ons /
Government 6,686 9,78�,786 4.0 4,008.�9

Industr�al /
Commerc�al 36,977 ��,99�,093 0.9 888.53

Total �46,�59 47,0�7,8�7 0.5 5�3.�0

Source: NWSC, 2012, p. 30.

1.9.2 Comparative Performance of Small TownsComparative Performance of Small Towns

The data available for the top five Small Towns in each WSDF is shown in Table 1-3. The data is does 
not have the same parameters as for the NWSC towns; however, compar�sons can be made among the 
towns. The major�ty of the towns have water suppl�es based on groundwater or grav�ty fed systems and 
many of them have the add�t�on of d�s�nfectant as the only treatment s�nce groundwater �s generally 
potable and aesthet�c qual�ty �s taken as acceptable (wh�ch �s the case �n most cases).
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Table 1‑3  Comparison of five towns from each WSDF

Towns Billing 
Efficiency%

%  of Active 
Connections

Collection 
Efficiency 

%

% of O&M 
Funded By 

Revenue
Total Region

Semuto 80 90 96 �57 5�3 WSDF-C
Kal�s�zo 89 90 �07 �33 5�8 WSDF-C
Lukaya 88 98 �03 ��9 507 WSDF-C
Luwero 80 93 �0� ��5 499 WSDF-C
Bukomans�mb� 88 99 90 �79 456 WSDF-C
Kum� 9� 65 �03 ��8 487 WSDF-E
Kamul� 77 83 84 �39 483 WSDF-E
S�ronko 85 9� 76 �0� 455 WSDF-E
Budad�r� 85 6� �00 �08 454 WSDF-E
Masafu 9� 87 59 �9� 43� WSDF-E
Moyo 68 86 �08 �37 499 WSDF-N
Pakele 85 78 77 ��9 470 WSDF-N
Nebb� 77 90 77 ��5 469 WSDF-N
Koboko 9� 95 97 �74 459 WSDF-N
Amolatar 96 �00 �5� 88 436 WSDF-N
Ntungamo �00 50 99 404 653 WSDF-S
Kabwohe - 
Itendero 63 95 84 3�9 570 WSDF-S
Rukung�r� 86 83 49 �98 5�5 WSDF-S
K�h�h� 90 9� 87 �88 456 WSDF-S
K�soro 65 98 �08 �6� 434 WSDF-S

Source: DWD, 2011: ST KEY DATA FY10-11 Q12 2011-02-28

A h�gh percentage of O&M costs that are funded by revenue �nd�cate that the system �s operat�ng very 
efficiently with minimal O&M costs compared to the revenues. It is desirable that the revenues exceed 
the O&M costs to ensure system susta�nab�l�ty though th�s could also �nd�cate that the system �s relat�vely 
new. Older systems tend to have h�gher O&M costs.

Aga�n, the operat�onal parameters are overr�d�ng but the des�gns would have contr�buted to make the 
systems eas�er to operate.

1.9.3 Small Towns and Rural Growth Centres Under DWDSmall Towns and Rural Growth Centres Under DWD

For the small towns and rural growth centers, the figures (generated from data supplied by MWE) show 
a remarkably s�m�lar s�tuat�on. The major�ty of the towns consume �n the range 30 – 60m3/year (�.5 
– 5m3/month), wh�ch compares well w�th the consumpt�on �n the larger towns under NWSC.

The average consumption figure for the largely domestic consumption lies between 20 l/c/d (0.6 m3 per 
month for stand p�pes) and a h�gh of �00 l/c/d (6 m3 per month for the h�gh �ncome house connect�ons). 
The above consumption figures from NWSC bear these figures out. These figures are therefore retained 
�n th�s ed�t�on of the WS Manual.

The consumpt�on for publ�c stand posts under cond�t�ons s�m�lar to those of the NWSC towns should be 
est�mated at �.0 m3 per day where the number of users �s �ndeterm�nate. For smaller towns and RGCs, a 
range of consumpt�on may be adopted depend�ng on local c�rcumstances.
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A number of cr�ter�a have been set for the performance of water supply systems �n Uganda. In accordance 
w�th the Performance Agreement s�gned by the M�n�ster �n charge of Water and the d�str�ct and urban 
author�t�es, the performance obl�gat�ons of the Water Author�ty �nclude: to own assets; to prov�de 
serv�ces; to charge for serv�ces prov�ded and to comply w�th laws of Uganda, among others.

1.10 Problems with Existing Water Supply Programs

1.10.1 Small Towns and Rural Growth Centres under DWD

The small towns under the Rural Water and San�tat�on Department cover all the towns and rural areas 
that are not under NWSC. More than 80 towns with water supplies are managed by private sector firms 
some of wh�ch are under the Assoc�at�on of Pr�vate Water Operators. The Pr�vate Operators are procured 
by the M�n�stry and local governments �n accordance w�th the prov�s�ons of the Water Act and the Publ�c 
Procurement and D�sposal of Publ�c Assets Act and �ts Regulat�ons (PPDA).

A major problem w�th the POs �s the fa�lure to make v�able bus�nesses s�nce the towns are �nd�v�dually 
tendered out, mak�ng �t uneconom�cal to manage some of the small, remote towns. Consol�dat�on of the 
towns �s be�ng planned by the M�n�stry.

Major ma�ntenance of the systems, such as replacement of pumps or other costly parts, usually reverts to 
the Ministry of Water since they are outside the means of the individual firms, which can lead to delays 
�n restor�ng suppl�es to the affected towns. Attempts are be�ng made to encourage the POs to contr�bute 
to an assets recovery fund from wh�ch funds for these major repa�rs can be sought.

Sales of water �n some of the towns are not as h�gh as projected by the POs at the t�me of tender�ng s�nce 
many of the towns have alternat�ve sources of water. These alternat�ve sources are gett�ng �ncreas�ngly 
polluted however due to �ncreased human hab�tat�on of the catchments; however, unt�l the cost of water �s 
reduced significantly, affordability remains a problem and some consumers tend to use unsafe sources.

The M�n�stry �s work�ng to establ�sh an assets reg�ster for all the small towns �n order to have orderly 
management and valuat�on of the �nstalled assets. Lack of an assets reg�ster �mpedes the M�n�stry �n 
plann�ng long term ma�ntenance of the systems.

1.10.2 NWSC Towns

NWSC has shown a remarkable �mprovement �n �ts operat�ons over the last �0 years, lead�ng to �mproved 
financial performance. However, according to the Annual Report [NWSC, 2010, p. 23], the main 
challenges are non-revenue water, arrears and old networks and expans�on of ex�st�ng �nfrastructure.

In a number of towns, there are reports of shortage of water. In Busheny�, �ntervent�ons were done �n 
�0�0 to expand and rehab�l�tate the system [NWSC, �0�0, p. �6].

The sewerage systems �n all the towns and Kampala C�ty cover only the core towns and are �nadequate. 
They were planned and constructed for a fract�on of the present populat�ons. Investment costs for new 
sewerage works are qu�te h�gh and beyond the means of most towns.

1.11 Evaluation of Some Guideline Used in the Water Supply Manual

1.11.1 Introduction

The Des�gner �s often faced w�th the dec�s�on of what demand, non-revenue water or other parameter 
to �nclude �n the des�gn. Data collect�on �n the water sector has apprec�ably �mproved over the last few 
years, thus enabl�ng comparat�ve analys�s to be done. Us�ng data from NWSC cover�ng over �0 towns 
and MWE cover�ng over 85 towns, we have selected demand and non-revenue water for more deta�led 
analys�s.
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1.11.2 Demand Estimates

The Water Supply Manual [MWE, �000], demand for towns �s categor�sed accord�ng to domest�c, 
�nst�tut�onal and commerc�al categor�es. In any town, there �s a comb�nat�on of all the three categor�es, 
each accord�ng to the level of �ndustr�al�zat�on of the town. Ma�nly res�dent�al towns are expected to 
have s�m�lar consumpt�on patterns. A typ�cal connect�on uses approx. �0 – �0 m3 per month, assum�ng 
that the major�ty of connect�ons represented are domest�c and �nst�tut�onal (ma�nly schools).

1.11.3 Estimates of Non-Revenue Water

Non-revenue water �s water lost through leakage, theft of water, p�pe clean�ng requ�rements, soc�al 
requirements (mainly fire fighting) and failure to collect invoiced amounts. The Designer concerned 
w�th determ�n�ng the demand of a town w�ll cons�der leakage, p�pe clean�ng requ�rements and soc�al 
requirements (mainly fire fighting) as the main water losses that should be included in the assessment of 
demand. Theft and non-settlement of b�lls are operat�onal losses.

NWSC operates the largest and oldest p�ped water network �n the country, w�th Kampala, J�nja and 
Entebbe be�ng the lead towns �n th�s regard. It �s no surpr�se therefore that these towns have h�gh non-
revenue water figures. For more than half the towns under NWSC, the losses vary from 20% to a high of 
40% �n Kampala. On the other hand, the small towns graph shows a sl�ghtly better p�cture.

The larger of the towns, such as Pall�sa, Ngora, Kapchorwa, Busolwe and Nagongera have h�gh losses, 
much more than the recommended des�gn value of �0 – �5%. The newer systems, such as Kasamb�ra, 
Katakw�, Amolatar and Kum� have low losses, rang�ng from 3 – �0%. Th�s compares well w�th the 
des�gn gu�des g�ven �n the Manual. 

The conclus�on �s therefore that non-revenue water, and for the des�gner, unaccounted for water, should 
be assessed at 20 – 25% as recommended, with still higher figures for some of the rehabilitation areas, 
wh�ch can r�se to 40% of the water suppl�ed.

Significantly, the Designer should ensure that systems for leak and waste detection are included in the 
network des�gn to ass�st the operators �n locat�ng and deal�ng w�th leakage and wastage. The Des�gner 
may also propose techn�ques for assessment of consumpt�on; the current system, based on un�versal 
meter�ng, has several drawbacks, such as meter tamper�ng, defect�ve meters, false/�ncorrect read�ngs 
and meters that are not cal�brated. All these �ncrease the non-revenue water for the operators of the water 
systems.
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Figure 1-3 Unit Consumption for Small Towns under DWD ( MWE,2011)
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Figure 1-4 Non-Revenue Water for the NWSC Towns (NWSC, 2010)

Figure 1-5  Unaccounted for water (non-revenue water) in Small Towns and RGCs
Source: DWD, 2011 (from a workshop presentation).

1.12 Coordination of Water System Management with Catchment Protection Efforts

Due to the �ncreas�ng pollut�on of catchments that are used for water sources, �t �s becom�ng �mperat�ve 
for the water ut�l�t�es to pract�ce watershed protect�on to ensure wholesome raw water suppl�es. The 
costs of pollut�on control and treatment of polluted water are �ncreas�ng rap�dly s�nce a catchment that �s 
not protected br�ngs �n �ncreas�ng pollut�on to the water source. Hol�st�c catchment management should 
therefore be pract�ced r�ght from the commun�ty level.

Once a micro-catchment is identified as a potential water source, all efforts should be made to protect and 
conserve the area for the future water source. For lakes and r�vers, these cr�t�cal areas, wh�ch should be 
protected, should be acqu�red and gazetted by the D�str�ct or Mun�c�pal author�t�es as early as poss�ble; 
resettl�ng or acqu�r�ng developed (and therefore polluted catchments) �s an opt�on that should be avo�ded 
as much as poss�ble. It �s therefore �mportant for the D�str�ct and Mun�c�pal author�t�es to carry out 
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surveys to �dent�fy these m�cro-catchments as part of the w�der plann�ng of the�r areas, �n accordance 
w�th the Water Act, the Town and Country Plann�ng Act and related leg�slat�on.

1.13 Unit Rates and Cost Estimates

The use of un�t rates �s well developed �n the sector, w�th dr�ll�ng contracts lead�ng the way. Framework 
contracts for dr�ll�ng of boreholes have been used for a number of years. The ma�n advantage of the use 
of framework contracts �s the assurance of pr�ce stab�l�ty and the qu�ck mob�l�sat�on of the contractors 
where there �s work. Each contractor �s assured of a reasonable volume of work. Repet�t�ve tender�ng 
w�th �ts attendant delays �s avo�ded mean�ng that the �mplementat�on of the sector programs can be done 
effect�vely.

The cost of inputs has fluctuated, sometimes with very large variations (mainly increases) such as 
w�th fuels and lubr�cants. Mechan�sms should be bu�lt �nto the framework contracts to allow for pr�ce 
escalat�on (or reduct�on).

Per cap�ta costs for new and old water suppl�es have been used by the M�n�stry to gu�de the budget�ng 
process. The average per cap�ta �nvestment cost for �� towns �mplemented dur�ng FY �0�0/�� was 
US$ 40 [MWE, 2011]. These figures should assist the Designer in deciding options for development 
dur�ng the feas�b�l�ty study stage. W�th all factors be�ng equal, the un�t cost should be adopted as 
the upper l�m�t of �nvestment �n the area; however, local geograph�c, env�ronmental and strateg�c 
considerations may modify the unit per capita investment cost. This justification should be included 
�n the feas�b�l�ty study report.

1.14 Regional Variations in Water Supplies in Uganda

Uganda �s a country that has large var�at�ons �n water resources potent�al, w�th some areas, l�ke the 
Cattle Corr�dor, be�ng water stressed, wh�le others, such as those border�ng Lake V�ctor�a hav�ng heavy 
ra�ns most of the year round. The Uganda Water Atlas, publ�shed by MWE, �s a good reference for these 
var�at�ons [MWE, �0�0 (�)].

In the mounta�nous areas of Uganda such as the Mt. Rwenzor� and Mt. Elgon areas, the potent�al for 
grav�ty scheme development �s abundant. Dr�ll�ng of deep boreholes �n those areas �s �mpract�cal due to 
the difficulty in accessing the steep slopes with the heavy drilling equipment.

In the pla�ns of South Western, Eastern and Northern Uganda, the potent�al for groundwater development 
�s qu�te good and these would be the preferred water sources. However, the reg�onal potent�al needs to 
be assessed adequately, espec�ally tak�ng �nto account the long term potent�al of ‘product�on’ boreholes 
�n relat�on to cl�mate change and the shortage of rel�able aqu�fer capac�ty data.

1.15 Climate Change and Climate Variability

1.15.1 Introduction

Change in climate may potentially alter the frequency, quantity, location and duration of hydrological 
regimes. Changed hydrological extremes will have significant implications on the planning and design 
of hydraulic structures and general characteristics of water resources such as quantities and qualities 
(Grum et al., 2006, Nyeko‑Ogiramoi, 2011). The changes could aggravate periodic and cyclic shortfalls 
of water supply in addition to other factors such as landuse malpractices.

1.15.2 Change in Intensity flow duration Curve

In the case of river hydrology, the design of hydraulic systems whose design period is comparable to the 
time scale associated to the induced climate change has traditionally been based on statistical analysis 
of extreme events extracted from historical records.Under the influence of climate change, stationerity 
assumption of must be reconsidered to account for the expected changes in the extreme precipitation 
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events such droughts and floods (Grum et al., 2006). Thus, it is important to isolate the extremes from 
the overall rainfall distribution and assess how the projected climate change will affect the extremes for 
different aggregation levels or time spans over which the mean rainfall intensities are obtained. With the 
possible amplification of extremes by anthropogenic‑induced climate change and the likely worrying 
projected situation, application of extreme value analysis to analyze rainfall extremes should be able to 
provide information that put the likely impacts into context. IDF is also applied in the design of water 
storage infrastructures.

1.15.3 Change in flow‑duration‑frequency

In river engineering applications, such as the designs of culverts and other related hydraulic structures, or 
water abstractions from a river or lake for various consumption, the relationships between flow, duration 
and frequency (Flow‑Duration‑Frequency or QDF) for both low flow (Water Supply design)and high 
flow (bridges, culverts, irrigation structures, etc.) are paramount. The third element of QDF, the return 
period (design period), provides crucial information on the frequency of occurrence of a given flow. Such 
information is very important for the assessment of climate change impacts on water availability hence 
on water engineering design. Like IDF, QDF can be analyzed based on Extreme Value (EV) theory, which 
forms the theoretical stochastic framework for the estimation of extreme quantiles. The parameter‑QDF 
relationships, together with the analytical description of the extreme value distribution, for selected return 
periods, comprise the QDF curves. Information on the possible change in the QDF curves, because of 
the possible change in climate is significant for water resources engineering applications. To obtain such 
information, the flow peaks (low and high)can be fitted into extreme value probability distribution and 
the QDF curves for the control (from observed data) and that of the projected data (climate model data) 
runs can be compared to provide insights on the possible shifts in the observed QDF curves.

1.15.3 Flow duration curve

The Flow Duration Curve (FDC) is a plot of flow frequency versus return period of non‑exceedance 
probability. FDC is normally used in determining the flow which is not exceeding once in a specified 
period of time or return period. It is also applied while designing storage capacity of reservoirs. The 
amount of water to be extracted from a river/spring (design flow) for supply for different purposes is 
normally determined based on FDC. Under climate change the design flow needs to be scaled by a 
certain climate change factor depending whether future climate (rainfall, flow extremes) is projected to 
increase or reduce.

1.15.4 Change in recharge

Change in groundwater recharge can be influenced by change in climate. This may affect the yield of an 
acquifer which is normally used to determine pump installation depth in deep and shallow water wells. 
Certain climate change factors need to be applied to drilling and pump installation depths to account for 
future climate change. These factors are normally the ratio between projected climate (future recharge 
value) and presence (reference) climate (current recharge value). This information can only be obtained 
by carrying out climate change impact assessment on recharge. 

1.15.5 Application of change factors

When carrying out engineering designs it may proof difficult for the implementer of the project to 
carry out detailed impact assessment because it requires expertise knowledge and rigorous climate 
change impact modeling. An alternative way is to look for change factors from research works already 
conducted by scientist that cover the catchments or the study area. For example, the research study by 
NyekoOgiramoi (2011) on the impacts of climate change on water resources in Upper Nile basin (lake 
Victoria basin) indicated the following:

Ra�nfall extremes are projected to �ncrease by about �3-3�%. The ra�nfall extremes for the 
western and southern parts of the L. V�ctor�a bas�n are projected also to �ncrease by �0-�9%. In 
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contrast, the ra�nfall extremes for the lower R�ver Kagera catchment are projected to decrease 
by about �5% �n the �050s and �090s.

Moderate to high extreme events, including flood events (annual maximum streamflow) are 
projected to change differently. Streamflowofrboth the River Katonga and Ruizi, the medium 
extreme flow events are projected to be similar to the current situation in the 2050s but will 
decrease in the 2090s. The intensity and frequency of the annual maximum flow(AMF) series 
are projected to change d�fferently as well. For the R�ver Katonga, a decrease �n the mean of 
the AMF by about �0% �s projected for the �050s but �n the �090s, a ga�n to the current state 
�s projected. For the R�ver Ru�z�, a decrease �s projected by about 5% �n the �050s and �5% �n 
the 2090s. The possible change in the seasonal mean flow is projected to decrease by 20% and 
�5% for the Katonga and Ru�z� r�vers, respect�vely, wh�ch �s proport�onal to the change �n the�r 
respect�ve MAF.

F�gure �-6shows a dec�s�on tree for �ncorporat�ng projected cl�mate change �nformat�on �nto longer-termshows a dec�s�on tree for �ncorporat�ng projected cl�mate change �nformat�on �nto longer-term 
project plann�ng. The chart shows potent�al scop�ng quest�ons and answers lead�ng to recommended 
opt�ons for cons�der�ng whether and how to �ncorporate projected cl�mate change �nformat�on �nto 
project-specific planning.
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Figure 1-6 Decision Tree to Incorporate Climate Change in Design
Adapted from U.S. Department of the Inter�or (DOI) �008

1.16 Right of Way for Water and Power Supplies

It �s a recogn�sed fact that water and power suppl�es have r�ght of way; �t �s also a fact that landowners 
can and often do, object to passage of p�pes and construct�on of appurtenances �n the�r land. A des�gner 
of a water supply system should therefore be gu�ded by the prov�s�ons of the Water Act and the 
Electr�c�ty Act.
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Sect�on �4 (�) of the Water Act g�ves the D�rector of DWD or a person author�sed by h�m to ‘enter and 
rema�n on land for purposes of perform�ng funct�ons or exerc�s�ng powers conferred under the Act and 
may take such measures and construct or operate works as may be necessary for the �nvest�gat�on, use, 
control, protect�on, management or adm�n�strat�on of water’.

Sect�on �4 of the Water Act g�ves the obl�gat�ons of the person exerc�s�ng the powers of entry �nto land 
(a) cooperate as much as poss�ble w�th the owner and occup�er of the land; (b) cause as l�ttle harm and 
�nconven�ence as poss�ble; (c) stay on the land only for as long as �s reasonably necessary; (d) remove 
from the land, on complet�ng any works, all plant mach�nery, equ�pment, goods or bu�ld�ngs brought on 
to the land, other than anyth�ng that the owner or occup�er of the land agrees may be left there; (e) leave 
the land as nearly as poss�ble �n the cond�t�on �n wh�ch �t was pr�or to entry be�ng made.

Sect�on �8 (�) of the Water Act requ�res that person w�sh�ng to construct any works or to take and use 
water may apply to the d�rector �n the prescr�bed form for a perm�t to do so.

Sect�on 67 (�) of the Electr�c�ty Act g�ves a person l�censed by the Electr�c�ty Regulatory Author�ty e�ther 
generally or on a part�cular occas�on g�ves the author�ty to place and ma�nta�n electr�c supply l�nes �n, 
over or upon any land and for that purpose �t shall be lawful, upon wr�tten author�sat�on by the author�ty, 
for the l�censee or h�s or her representat�ve—(a) at all t�mes, on reasonable not�ce, to enter upon any land 
and put up any posts wh�ch may be requ�red for the support of any electr�c supply l�nes; (b) to fasten to 
any tree grow�ng on that land a bracket or other support for the l�ne; (c) to cut down any tree or branch 
wh�ch �s l�kely to �njure, �mpede or �nterfere w�th any electr�c supply l�ne; and (d) to perform any act�v�ty 
necessary for the purpose of establ�sh�ng, construct�ng, repa�r�ng, �mprov�ng, exam�n�ng, alter�ng or 
remov�ng an electr�c supply l�ne, or for perform�ng any other act�v�ty under the Act.

Sect�on 67 (3) of the Electr�c�ty Act requ�res the l�censee to do as l�ttle damage as poss�ble to the land 
and to the env�ronment and shall ensure prompt payment of fa�r and adequate compensat�on to all 
�nterested persons for any damage or loss susta�ned by reason of the exerc�se of the powers under th�s 
sect�on. However, Sect�on 67 (4) requ�res the l�censee to g�ve not�ce except for purposes of ma�ntenance 
of the electr�c supply l�ne and the owner m�ght object to the entry �n accordance w�th Sect�on 67 (5).

1.17  The Water Supply Manual in Relation to the Project Cycle

1.17.1 Introduction

The Water Supply Des�gn Manual covers only the des�gn of water suppl�es, not the ent�re project cycle. 
A typ�cal project cycle for water suppl�es �s descr�bed �n the typ�cal Development Partner-supported 
program �n F�gure �-6. The key water supply design project stages are prefeasibility or identification 
stage; feasibility and preliminary design stage and final design stages, which are elucidated below. 
Depend�ng on the Fund�ng Agency, there w�ll be commun�cat�ons and approvals requ�red at var�ous 
stages of the cycle.

1.17.2 Prefeasibility or Identification Stage

The prefeasibility stage of the project cycle covers the identification stage whereby the need for a 
part�cular project type �s broadly d�scussed at desk level and opt�ons dec�ded on. Data from large scale 
maps, GIS maps, historical river flows and climatic information will form the basis for a prefeasibility 
assessment. Broad budgets, populat�on est�mates and �mplementat�on schedules may be drawn and funds 
may be sourced for the future projects.

Identification of projects is usually done in-house by the Implementing Agency as part of the sector-wide 
and multi-sector development planning processes; however, identification should be informed through 
stud�es such as water and san�tat�on coverage, status of towns (some may become d�str�ct headquarters) 
and populat�ons. Mult�ple use projects (for example agr�culture and water supply) may be developed, 
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�nclud�ng the phas�ng of the overall program and �s called the sector strateg�c �nvestment plan (SSIP).

Env�ronmental scop�ng or strateg�c env�ronment assessment should be carr�ed out to �nform the 
development plann�ng processes.

The t�meframe for prefeas�b�l�ty of water and san�tat�on projects �s typ�cally 5 – 30 years before some of 
the identified projects advance to the feasibility and preliminary design stage.
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Figure 1-7  EU Project Cycle [EU, 2004]

1.17.3 Feasibility and Preliminary Design Stage

The feasibility preliminary design stage follows from the prefeasibility stage and involves field 
measurements, preparation of accurate estimates of flows and yields of water sources and their water 
qual�ty, populat�on est�mates, �mplementat�on modal�t�es and schedules; preparat�on of accurate 
budgets, financial and economic assessments and environmental and social impact assessments. The 
env�ronmental and soc�al �mpact assessments should be subm�tted to the respons�ble author�t�es for 
approval and resettlement act�on plann�ng should commence at th�s stage. The feas�b�l�ty stage must 
be narrowed down �n scope and budget so that the Consultant arr�ves at reasonable and �mplementable 
opt�ons.

The Des�gn Team typ�cally plans for the feas�b�l�ty and prel�m�nary des�gn stages as follows:

Consultation with the Implementation Agency (Client) in order to get first-hand information and 
data for the Poject Area. Any expected obstacles to the des�gn process may be d�sclosed at th�s 
time, such as difficult terrain, expected resettlement actions and environmental challenges, the 
political climate in the area and the time schedules expected. Data requirements include flow 
and water qual�ty records of streams and r�vers, hydrogeolog�cal data for any boreholes �n the 
area (obta�nable from DWD and DWRM); populat�on and soc�oeconom�c data (ava�lable from 
UBOS); ra�nfall, sunl�ght and other weather �nformat�on (ava�lable from the Meteorolog�cal 
Department); survey data (ava�lable from the Department of Surveys) and contacts of the key 
persons in the Project Area and district offices. The Consultant should also obtain any design 
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reports and other relevant stud�es that have been made for the Project Area water supply both by 
the Cl�ent and other stakeholders, such as NGOs;

The Design Team will make an inception field visit to the Project Area. The Design Engineer, 
Soc�o-econom�st, Env�ronmental�st, Hydrolog�st, Hydro-geolog�st, etc. w�ll be requ�red to v�s�t 
the s�tes and make assessment of the potent�al sources (�n terms of locat�on, y�eld, water qual�ty, 
access, env�ronment etc.) and the potent�al serv�ce area (core and fr�nge) and the potent�al 
populat�on. Core areas of a town are the central bus�ness d�str�ct and other bu�lt up areas w�th�n 
the town boundar�es wh�le the fr�nge areas are bu�lt up areas outs�de the town boundar�es. The 
Soc�o-econom�st w�ll est�mate the populat�on w�th�n the core and fr�nge areas us�ng sampl�ng 
techn�ques and data ava�lable from the Project Area and UBOS. Categor�es of demand by the 
populat�on (domest�c, �nst�tut�onal, �ndustry, etc.) w�ll also be determ�ned. A survey of the 
area might be necessary but handheld global positioning systems (GPS) can suffice for most 
measurements;

S�t�ng of water sources (for groundwater and for surface water) should be done after the 
�ncept�on v�s�t. Depend�ng on the demand est�mated over the project l�fet�me, demand may be 
met by groundwater or surface water, or both (espec�ally �f �mplemented �n a phased manner). 
Measurement of the flows of surface water sources should be conducted over a long time, though 
this is not always possible. The Hydrologist should make use of available stream flow data and 
�nterv�ew people who l�ve near the source for h�stor�cal trends, w�th the a�m of determ�n�ng �f the 
surface water source dries up during the dry season, or has significantly lower flow that would 
not be sufficient for the Project Area supply. Measurement of water quality should be done to 
ascerta�n whether the m�n�mum water qual�ty standards for raw water are met;

Where potent�al borehole s�tes are determ�ned, the Hydro-geolog�st should superv�se dr�ll�ng 
of product�on boreholes and determ�ne the susta�nable borehole y�elds and water qual�ty. 
Contract�ng of the dr�ll�ng contractor requ�res the Cl�ent to tender out the works and s�nce th�s 
may take a long t�me unless the Cl�ent has runn�ng contracts w�th dr�ll�ng compan�es;

The Des�gn Team should make outl�ne des�gns for several opt�ons: make draw�ngs, b�lls of 
quantities and carry out financial and economic analyses. Options that are obviously unfeasible, 
such as where the stream dr�es up dur�ng the dry season, or the potent�al source of surface water 
�s extremely d�stant or where the water �s known to be salty, should be dropped or ranked low; 
and

The Des�gn Team w�ll comp�le the �nformat�on and analyse the su�tab�l�ty of the sources for 
supply�ng the populat�on projected w�th the appropr�ate serv�ce levels. W�th all the analys�s 
complete, the Des�gn Team must rank the feas�ble opt�ons accord�ng to clear cr�ter�a, such as 
yield of the sources, environmental and social impacts, financial and economic cost, areas to be 
served, un�t cost of the overall project, etc. and make recommendat�ons of the best three opt�ons 
to the Cl�ent.

The t�me schedule for feas�b�l�ty and prel�m�nary des�gn stage �s typ�cally � – 5 years before the project 
moves to the next stage.Large water supply projects take longer to reach the next stage s�nce they are 
often funded by Development Partners whose approvals may take t�me.

The exact t�me schedule therefore �s dependant on the scale and complex�ty of the project. 

1.17.4 Detailed Design Stage

The deta�led des�gn stage follows the feas�b�l�ty and prel�m�nary des�gn stage. The env�ronmental and 
soc�al �mpact assessments should have been approved by th�s stage so that the opt�on wh�ch �s �mplemented 
dur�ng the next stage has been fully approved by the respons�ble author�t�es. Implementat�on of the 
resettlement act�on plan should be done early dur�ng th�s stage so that the project affected people do not 
�nterfere w�th the des�gn and construct�on stages. The stage w�ll �nclude preparat�on of deta�led des�gns, 
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deta�led draw�ngs, b�lls of quant�t�es, tender documents, est�mates of the construct�on cost (Eng�neer’s 
Est�mate) and the deta�led �mplementat�on program (work plan) to gu�de the project �mplementers.

The Des�gn Team typ�cally plans the des�gn (gu�ded by the terms of reference from the Cl�ent) as 
follows:

Consultation with the Implementation Agency (Client) in order to get first-hand information and 
data for the Project Area. Any expected obstacles to the des�gn process may be d�sclosed at th�s 
time, such as difficult terrain, unresolved resettlement actions, the political climate in the area 
and the t�me schedules expected;
Acqu�s�t�on of data such as water qual�ty, geotechn�cal data, land survey data and soc�oeconom�c 
and env�ronmental data from the feas�b�l�ty and prel�m�nary des�gn stage. Th�s ass�sts the Team �n 
determining the inputs from each of the specialists and also to make fieldwork and consultation 
plans;
Inception field visit should be conducted to enrich the inception report. During the inception 
field visit, the Design Team will make rapid assessments of the facts laid out in the feasibility 
study report and update where necessary. The boundar�es of the serv�ce area are determ�ned 
and the survey team may commence w�th locat�ng the roads, water sources, tanks and other 
appurtenances and the water supply po�nts (stand p�pes, house connect�ons, �nst�tut�ons, 
�ndustr�es etc.) work�ng closely w�th the soc�oeconom�c and eng�neer�ng teams. S�t�ng of water 
sources, �f not done already, should also commence;
The Des�gn Team w�ll need a second v�s�t to the Project Area �n order to �mprove on the deta�ls, 
such as s�t�ng of water sources and dr�ll�ng superv�s�on, or acqu�s�t�on of land for surface water 
works. The population data will be completed and the service levels finalised so that the final 
demand projections are made. Once the final water sources are known, the Surveyor incorporates 
them �nto the general Project Area maps that should have been prepared, allow�ng the Des�gn 
Team to consult with the local authorities and the Client over the final coverage of the project. 
Due to l�m�tat�ons such as topography, d�stance and fund�ng, some of the commun�t�es m�ght not 
be covered to the des�red levels. The Cl�ent must be kept abreast of these developments;
It is recommended for the Design Team to set up an office in the Project Area with a drawing 
office from where layouts, profiles and other essential details can be printed and discussed. 
Th�s saves on repeated travel to the Project Area to rect�fy �ssues that may ar�se as the des�gns 
are developed. At the end of the second field trip, a first draft design should be prepared and 
�ncluded �n the draft report to the Cl�ent; and
The final design should have all the components of the terms of reference, such as drawings, 
b�lls of quant�t�es, cost est�mates and tender documents.

The t�me schedule for the deta�led des�gn stage �s typ�cally � – � years before the project progresses to 
the next stage.

1.17.5  Construction Stage

Approval of the deta�led des�gns by the Implementat�on Agency (Cl�ent) and ava�lab�l�ty of fund�ng 
from the Fund�ng Agency leads to the tender�ng of the works for construct�on.

1.17.6  Operation and Maintenance Stage

Following the completion of the project and rectification of defects, the project enters the operation and 
ma�ntenance stage where the owner or operator runs the project. For water supply projects, the systems 
�s often tendered out to a pr�vate operator who w�ll operate and manage all aspects of the system, 

�)

��)

���)

�v)

v)

v�)
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�nclud�ng treatment of water, pump�ng to ma�ns tanks, d�str�but�on to consumers, b�ll�ng and collect�on 
of revenue, control of leakage and waste and �mplement�ng other aspects as requ�red �n the contract.

A key aspect �s report�ng on the parameters that are requ�red �n the owner’s performance contract. 
The performance contract �s a delegated respons�b�l�ty to lower local governments as requ�red �n the 
Water Act.

1.17.7 Monitoring and Evaluation

Dur�ng Operat�on and Ma�ntenance, there should be means to check progress (monitoring) and take 
stock of where th�ngs are at on a regular bas�s (evaluation).Mon�tor�ng �s performed wh�le a project �s 
be�ng �mplemented w�th the a�m of �mprov�ng the project des�gn and funct�on�ng wh�le �n act�on, well 
as evaluat�on stud�es the outcome of a project w�th the a�m of �nform�ng the des�gn of future projects 
(Bamberger et al., �986). 

Evaluat�on and mon�tor�ng systems can be an effect�ve way to:

Provide constant feedback on extent to which the projects are achieving their goals;

Identify potential problems at an early stage and propose possible solutions;

Monitor the accessibility of the project to all sectors of the target population;

Monitor the efficiency with which the different components of the project are being 
implemented and suggest improvements;

Evaluate the extent to which the project is able to achieve its general objectives;

Provide guidelines for the planning of future projects;

Influence sector assistance strategy. Relevant analysis from project and policy evaluation 
can highlight the outcomes of previous interventions, and the strengths and weaknesses 
of their implementation;

Improve project design. Use of project design tools such as the logframe (logical 
framework) results in systematic selection of indicators for monitoring project 
performance. The process of selecting indicators for monitoring is a test of the soundness 
of project objectives and can lead to improvements in project design;

Incorporate views of stakeholders. Awareness is growing that participation by project 
beneficiaries in design and implementation brings greater “ownership” of project 
objectives and encourages the sustainability of project benefits. Ownership brings 
accountability. Objectives should be set and indicators selected in consultation with 
stakeholders, so that objectives and targets are jointly “owned”. The emergence of 
recorded benefits early on helps reinforce ownership, and early warning of emerging 
problems allows action to be taken before costs rise; and

Show need for mid-course corrections. A reliable flow of information during 
implementation enables managers to keep track of progress and adjust operations to 
take account of experience (OED).

1.18  Updating of the Water Supply Manual

The Manual is a living document and should be updated, improved and expanded on a regular 
basis. A 10-year period between revisions should be sufficient (the first edition was prepared in 

i.

ii.

iii.

iv.

v.

vi.

vii.

viii.

ix.

x.
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2000 and between it and this revision is 12 years). The Manual is designed to guide the water 
supply design process and not to replace the standard water supply design textbooks. Factual 
errors should be brought to the attention of the Editorial Committee by the user, by contacting 
them through the Design Review Committee of the Ministry of Water and Environment.

1.19 Glossary of Terms Used in Water Supply

Word or Phrase Meaning Usually Attributed in Water Supply

�.    Ab�l�ty to pay

An econom�c pr�nc�ple stat�ng that the amount of water b�ll an 
�nd�v�dual pays should be dependent on the level of burden the water 
b�ll w�ll create relat�ve to the wealth of the �nd�v�dual. The ab�l�ty to 
pay pr�nc�ple suggests that the real amount of water b�ll pa�d �s not 
the only factor that has to be cons�dered, and that other �ssues such as 
ab�l�ty to pay should also factor �nto water tar�ff system. 

�. Commun�ty Letter of 
Agreement

An agreement made between the WA and the commun�ty for the grant 
of land for the development of water supply �nfrastructure such as 
water source, water tanks and for Publ�c Standp�pes.

3.  Demand The amount of water used by a consumer �n a day, expressed �n m3/d.

4.   Des�gn Per�od The length, �n years, over wh�ch the water supply system �s meant to 
supply adequate water.

5.   Effect�ve Water Depth The depth �ns�de a sed�mentat�on tank net of the sludge zone.

6.   Future Year The year �n wh�ch the newly constructed water supply system w�ll 
reach �0 years after the In�t�al Year.

7.   House Connect�on A po�nt of supply meant for use by a household and �s not used for 
sale of water.

8.  In�t�al Year
The year �n wh�ch the newly constructed water supply system w�ll 
start operat�ng, assumed to be 5 years from the date of commencement 
of the feas�b�l�ty stud�es.

9.  Large Town A major town w�th populat�on of over �5,000 people.

�0. L�vestock Equ�valent The amount of water consumed by a l�vestock equ�valent expressed �n 
l�tres/day. It �s equal to 50 l�tres per day.

��. Low Flush To�let A water cistern that uses low amounts of water for flushing compared 
to the common flush toilets.

��. M�cro-catchment The �mmed�ate catchment, usually part of a larger catchment that �s 
the m�n�mum area to be protected for a water source.

�3. Non-p�pe Supply Areas where supply �s by trucks or other means.

�4. Person Equ�valent (PE) The amount of water consumed by an equ�valent of one person. It �s 
equal to 50 l�tres per day.

�5. Publ�c Standp�pe A po�nt of supply for a commun�ty that serves more than a household 
and �s often for sale of water.

�6. Rural Growth Centre A rural town w�th populat�on from 500 – 5,000 people.
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Word or Phrase Meaning Usually Attributed in Water Supply

�7. Rural Industr�es Industr�es located outs�de the gazetted pr�nc�pal urban centres.

�8. Serv�ce Level
Th�s �s a category or standard of water supply serv�ce. The serv�ce 
level �ncludes publ�c stand p�pe; yard tap; house connect�on and non-
p�ped supply.

�9. Small Town A rural town w�th populat�on from 5,000 to �5,000 people.

�0.  Ult�mate Year The year �n wh�ch the newly constructed water supply system w�ll 
reach �ts des�gn l�fe, assumed as �0 years after the In�t�al Year.

21. Uniformity coefficient                              
(of filter media)

The rat�o of the s�ze at wh�ch 60 per cent (by we�ght) of a sand sample 
passes through a sieve (in other words 60 per cent of the sand is finer 
than a g�ven s�ze) d�v�ded by the s�ze at wh�ch �0 per cent of the same 
sample (by weight) passes through a sieve (10 per cent is finer than a 
g�ven s�ze). A UC of � �nd�cates all the part�cles are the same s�ze. As 
the number goes up the s�ze d�fferent�at�on becomes greater and the 
qual�ty of the sand becomes less des�rable for use �n a slow or rap�d 
sand filter.

��. Walk�ng D�stance The d�stance that consumers travel to the nearest water supply po�nt 
for the appropr�ate serv�ce level.

�3.  Water Author�ty
A body gazetted by the M�n�ster �n charge of water to be respons�ble 
for the water and sewerage serv�ces areas �n accordance w�th the Water 
Act.

�4.  W�ll�ngness to Pay

A measure of demand for part�cular levels of water supply and/or 
san�tat�on serv�ce. It �s often assessed as part of a cont�ngent-valuat�on 
study, �n wh�ch demand for serv�ce �mprovements at the commun�ty 
level �s est�mated.

�5.  Yard Tap A po�nt of supply meant for the use of a household and ne�ghbours and 
�s often used for sale of water.
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2.1 General

Estimation of the water demand for a community is the first activity of the design process. It starts with 
the del�neat�on of the proposed supply areas and followed by a soc�oeconom�c basel�ne survey. Th�s 
survey �nvolves count�ng the number of potent�al users. It �s often �mpract�cal to count all the potent�al 
consumers; however, stat�st�cal methods and sampl�ng, �nformat�on obta�ned from UBOS, from the 
d�str�ct and local counc�ls may be used to �mprove on the est�mates. Because water suppl�es are meant 
to serve for several years, the future populat�on �s also requ�red.

A water supply scheme w�ll almost w�thout except�on, cater for water demand wh�ch w�ll be �ncreas�ng 
cont�nuously w�th the years to come. When des�gn�ng a scheme, a dec�s�on has to be made regard�ng the 
t�me �n the future for wh�ch the var�ous components of the scheme are to be des�gned.

To calculate the water demand for a water supply scheme, �t �s necessary to:

Determ�ne the numbers of consumers fall�ng w�th�n the d�fferent consumer categor�es at var�ous 
stages of the des�gn per�od.
Determine the average day unit water demand figures for the various consumer categories 
concerned.

The common categor�es of consumpt�on are domest�c (wh�ch are further categor�sed �nto h�gh, med�um 
and low �ncome categor�es); commerc�al and �nst�tut�onal categor�es. In each category, consumpt�on 
should be est�mated and projected �ndependently.

2.2  Design Period

The des�gn per�od �s the per�od w�th�n wh�ch the project long term projected demands are est�mated for 
a least cost project. The des�gn per�od of the project �s the funct�on among other th�ngs of the d�scount 
rate (opportun�ty cost) and the economy of scale factor. It �s generally accepted that the opt�mum des�gn 
per�od �s between 5-�0 years and should rarely exceed �0 years. Normally, water demand project�onsNormally, water demand project�ons 
should be made for the “In�t�al Year” the “Future Year” and the “Ult�mate Year”.

Table 2-1 Design Period

Design Period Duration from 
Commencement Narrative

In�t�al Year 5

Th�s �s the year when the water supply scheme �s expected to 
be comm�ss�oned �nto operat�on, wh�ch may be assumed to 
be 5 years from the date of commencement of the feas�b�l�ty 
stud�es.

Future Year �5 �0 years ahead of “In�t�al Year”.

Ult�mate Year �5 �0 years ahead of “In�t�al Year”.It �s normally based on l�feIt �s normally based on l�fe 
expectancy of electro-mechan�cal components.

Once the “In�t�al Year”, “Future Year” and “Ult�mate Year” have been determ�ned for a scheme, they 
should not be changed.

Future population figures are then projected and by judgment of the future growth possibilities of the 
supply area, the best figure is selected. The choice of method to be adopted in each particular case will 
depend upon the nature of the supply area, hab�ts of the people, �n or out m�grat�on, scope for future 
expans�on etc. 

�)

��)

WATER DEMAND
Chapter2



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 2‑2

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

The formula to be used �s as follows: 

                    
 
       Equation 2‑1

Where

P
n 
= populat�on after n years, 

P = present populat�on, and 
r = annual growth rate (%) 

A water supply scheme should normally be des�gned for the “Ult�mate Year” demand. However, phas�ng 
of the implementation will often prove necessary from a financial viewpoint, and the possibilities of 
phas�ng should therefore be exam�ned aga�nst the background of the “In�t�al Year” and the “Future Year” 
water demand project�ons.

Electr�cal and mechan�cal equ�pment �s normally des�gned for shorter per�ods than c�v�l eng�neer�ng and 
building works, a reflection of the different “service life”/”economic life” periods for the different water 
supply scheme components.

2.3  Domestic Demand

2.3.1 Population Projections

The present populat�ons �n a proposed water supply scheme area should be est�mated based on the 
latest census est�mates. However, the results should be cross-checked w�th �nformat�on obta�ned from 
other sources, such as the Local Counc�l (LC) author�t�es. The populat�on �n each Local Counc�l I 
(LC I) area should be projected separately. In the instance where UBOS and LC population figures 
give contradictory results, the survey must count the number of potential users. Population figures for 
towns should be confirmed by physically counting the houses, shops, bars, etc. in the towns. Where the 
numbers are large, a representat�ve sample should be chosen.

Populat�ons �n large towns and urban centers should be analyzed separately for d�fferent areas and 
d�fferent �ncome categor�es. “H�gh”, “med�um” and “low” �ncome hous�ng populat�ons should be 
projected independently. The projection of future populations can be quite difficult. Therefore, all 
ava�lable demograph�c �nformat�on should be collected and evaluated. 

The following sources of information, wherever applicable, will be useful in determining the likely 
future population growth rates.

The growth in population which has taken place in the area in the past. Compare figures of the 
1969, 1980, 1991 and 2002 censuses and the respective inter‑census population growth rates 
as shown in appendix 1. It should be noted that District and sub‑county names and boundaries 
might have been altered during the inter‑census periods; 
District Development Plans (DDPs); 
Town council physical development plans; 
Official projections by the Statistics Department of the Ministry of Finance and Economic 
Planning; and
Opinions of the Local Administrations.

i)

ii)
iii)
iv)

v)
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Uganda Population Pyramid for 2010 and projection for 2020 and 2050

Figure 2-1 Age and sex distribution for Uganda

There has been a substantial subdivision of the districts as such the latest population figures should be 
obtained from the most current census figures available from UBOS or other credible sources should be 
used �n the des�gn. The populat�on growth rates should be updated w�th current �nformat�on ava�lable 
from UBOS and from locally ava�lable �nformat�on. The l�st of sub-county populat�ons �s g�ven �n 
Append�x �.

2.3.2 Unit Costs and Service Levels

The un�t costs are der�ved us�ng the Un�t Cost Est�mat�ng Tool that �s bu�lt up by exam�n�ng typ�calUn�t Cost Est�mat�ng Tool that �s bu�lt up by exam�n�ng typ�cal 
b�ll of quant�t�es and �s based on the common var�able of m3/day capac�ty of the system components. 
The costs �n a part�cular d�str�ct (for small towns) �s determ�ned by the technology m�x �n that d�str�ct 
wh�ch for urban serv�ces w�ll predom�nately be determ�ned by the s�ze of the towns as the per m3 cost 
of supplying water depends chiefly on the size of the scheme. For the NWSC investments the unit costs 
are determ�ned for the �nd�v�dual systems.
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The per cap�ta un�t costs depends on the serv�ce level m�x – the proport�on of persons served throughthrough 
house connect�ons, yard taps and publ�c standp�pes respect�vely as the consumpt�on of water depends 
on the type of connect�on. Target values for the per cap�ta consumpt�on w�ll be set and a compos�te per 
cap�ta cost w�ll then be calculate depend�ng on the s�ze of towns and type of technology.

The per cap�ta consumpt�on used �n the small towns are �0 l/day for small towns up to 5,000 persons,persons, 
35 l/day for med�um towns up to �0,000 persons and 50 l/day for the larger towns. The per cap�ta 
consumpt�on est�mates �nclude the �nst�tut�onal and commerc�al use and therefore �ncreas�ng w�th the 
towns s�ze s�nce there are more �nst�tut�ons and commerc�al act�v�t�es �n the larger towns. The NWSC 
est�mates are based on data from the �nd�v�dual systems on number of connect�on, product�on volumes 
etc. the water demand per consumer category �s as g�ven �n the tables below.

Table 2-2 Demand per Consumer Category

CONSUMER CATEGORY Rural Area
(l/ca/d)

Urban Area
(l/ca/d) Remarks

Low �ncome us�ng k�osks or 
publ�c taps �0 �0 Most squatter areas, to be taken as 

the m�n�mum

Low �ncome mult�ple 
household w�th Yard Tap 40 40 Low �ncome hous�ng w�th no �ns�de 

�nstallat�on.

Low �ncome, s�ngle 
household w�th Yard Tap 50 50 Low �ncome hous�ng w�th no �ns�de 

�nstallat�on.

Med�um Income Household �00 Med�um �ncome group hous�ng, 
w�th sewer or sept�c tank.

H�gh Income Household �00 H�gh �ncome group hous�ng, w�th 
sewer or sept�c tank.

The determ�nat�on of the three house connect�on categor�es of h�gh, med�um and low �ncome categor�es 
�s loosely l�nked to the number of water us�ng gadgets �n the houses. In pract�ce, �t �s not poss�ble to 
d�st�ngu�sh exactly how many of each house type are �n a v�llage. Est�matesbased on sampl�ng and 
h�stor�cal data should be used. The demand per consumer category �s presented �n Table �-� and the 
results of a soc�oeconom�csurvey of Kampala area �s g�ven �n Table �-�.

Table 2-3: Kampala NWSC Customer Income Ranges.

Income Category Income Range (2004) UGX Income Range (2008) UGX

Low Less than 43,000 Less than 503,000

Med�um 43,000 – �,�00,000 503,000 – �,403,000

H�gh More than �,�00,000 More than �,403,000

Source: Kayaga and Franceys, 2007.

Serv�ce levels should be der�ved from the �ncome levels, the “Ab�l�ty-to-pay” and the “W�ll�ngness-
to-pay” of the local commun�t�es, as determ�ned from the soc�oeconom�c study. “Ab�l�ty-to-pay” and 
“W�ll�ngness-to-pay” w�ll �n turn depend on the proposed tar�ff structures and levels.

When des�gn�ng expans�ons to ex�st�ng schemes, the d�str�but�on between House Connect�ons, Yard 
Taps and Publ�c Standp�pes should be determ�ned based on observat�ons of the actual s�tuat�on on the 
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ground. The up-take of pr�vate connect�ons �s an �mportant factor �n �nd�cat�ng and st�mulat�ng the level 
of development �n an area.

The max�mum walk�ng d�stance from a publ�c standp�pe to the dwell�ngs served should normally not 
exceed 500 m �n rural areas and �50 m �n urban centres. The number of users of a publ�c standp�pe 
should normally be restr�cted to 300 persons �n rural areas, and �50 persons �n urban centres. In heav�ly 
populated areas, the walking distance will be reduced significantly to allow for the higher populations; 
conversely �n sparsely populated rural areas, the walk�ng d�stance may �ncrease to � km. The World 
Health Organ�sat�on (WHO) rout�nely g�ves �nternat�onally accepted gu�del�nes on serv�ce levels and 
should be consulted where poss�ble.

The recommended figures for walking distances and numbers of users for public standpipes can be 
changed by the des�gner �n except�onal cases to su�t the actual s�tuat�on preva�l�ng �n the supply area. 
However, this should first be discussed and agreed with the beneficiaries of the water supply scheme.

2.3.3 Educational Institutions

Water demand �n educat�onal �nst�tut�ons should be based on the s�tuat�on preva�l�ng at the t�me of scheme 
des�gn, the development plans of the M�n�stry of Educat�on and Sports, M�n�stry of Health, other large 
�nst�tut�onal consumers such as the Uganda Pol�ce, Uganda Pr�sons, the UPDF and the D�str�ct Local 
Governments, and the projected growth of the local populat�on.

For prel�m�nary est�mates, �t may be assumed that 40% of the populat�on attends pr�mary and/ or 
secondary school. This is based on the population projections as shown in figure 2-1 and the fact that 
approx. 6-�9 year range of Uganda’s populat�on are school go�ng age. Day schools and board�ng schools 
should be analysed separately. San�tary standards w�th regard to the use of water closets should also be 
stud�ed. In th�s regard, the use of “Low Flush” to�lets should part�cularly be encouraged.

The water demand for staff should be �ncluded �n the total demand for the educat�onal �nst�tut�on 
concerned. For �solated educat�onal �nst�tut�ons, the ne�ghbor�ng areas m�ght also access the water 
supply of the �nst�tut�on and should be taken �nto account.

Project�on of �nst�tut�onal populat�on growth should be done carefully. Schools and hosp�tals m�ght not 
grow as rapidly as the surrounding population; however, new institutions or significant expansions (and 
rarely, closures) of �nst�tut�ons m�ght occur over the des�gn per�od. If a school has rema�ned w�th the 
same populat�on for a long t�me, �t m�ght not be prudent to est�mate a h�gh growth rate.

2.3.4 Health Institutions

Water demand �n health �nst�tut�ons should be based on the s�tuat�on preva�l�ng at the t�me of scheme 
des�gn, the development plans of the M�n�stry of Health and the D�str�ct Local Governments, and the 
projected growth of the local populat�on. In the Nat�onal Development Plan (�0�0/�� to �0�4/�5), �t �s 
planned for about �0,000 people to be served by one health centre (HC) III (�ncorporat�ng an out-pat�ent’s 
department, a matern�ty and a few beds for �n-pat�ents), to be prov�ded one �n each sub-county.

In Uganda, the number of hosp�tal beds can be assumed to be �.� per �,000 people. However, d�str�ct and 
other major hosp�tals should be stud�ed �n more deta�l separately. The water demand for staff should be 
�ncluded �n the total demand for the health �nst�tut�on concerned.

Project�on of the hosp�tal populat�on should be done on a case-by-case bas�s us�ng real�st�c growth 
est�mates and the development plans of the M�n�stry of Health and other sector players. It should not be 
assumed to grow at the same rate as the surround�ng populat�on s�nce hosp�tal fac�l�t�es can grow rap�dly 
dur�ng the expans�on phase but m�ght stagnate for long per�ods of t�me.
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Table 2-4: Institutional Water Demand

CONSUMER UNIT RURAL l/d URBAN l/d REMARK

Schools
Day Schools

Board�ng Schools

l/std/d

l/std/d

�0

50

�0
�0

�00

W�th p�t latr�ne
W�th WC

W�th WC

Health care D�spensar�es l/v�s�tor/d �0 50 Out pat�ents only

Health Center � l/bed/d �0 50 No modern fac�l�t�es

Health Center � l/bed/d 50 70 W�th matern�ty
W�th p�t latr�ne

Health Center 3 l/bed/d 70 �00 W�th matern�ty
W�th p�t latr�ne

Health Center 4 l/bed/d �00 �50 W�th matern�ty
W�th WC

Hosp�tal, D�str�ct l/bed/d �00 W�th surgery un�t

Hosp�tal, Reg�onal Referal l/bed/d 400 W�th surgery un�t
Administrative Offices l/worker/d �0 -

70
W�th p�t latr�ne
W�th WC

2.3.5 Other Institutions

Water demand for other �nst�tut�ons should be est�mated based on the s�tuat�on preva�l�ng at the t�me of 
scheme des�gn and the future development plans of the �nst�tut�ons. Wherever such data �s not read�ly 
ava�lable, the assumpt�ons used by the des�gner to est�mate water demand should be stated clearly.

2.3.6 Micro Industry Demand

Commerc�al enterpr�ses �nclude shops, workshops, restaurants, bars, hotels, banks, etc. Water demand 
for commerc�al enterpr�ses should be based on the s�tuat�on preva�l�ng at the t�me of scheme des�gn, 
and the expected development based on the area development plans. In th�s regard, �t can be assumed 
that future �ncreases �n commerc�al act�v�ty w�ll be d�rectly related to the growth �n populat�on. In many 
small towns and rural growth centres, the shops also double as dwell�ngs and bars or pubs. The demand 
est�mate should take th�s �nto account.

2.3.6 Industrial Demand

Water demand for �ndustr�es should be stud�ed �n deta�l by consult�ng the propr�etors concerned and 
other relevant agenc�es. Areas des�gnated as “Industr�al Areas” �n the town counc�l phys�cal development 
plans but for wh�ch the exact nature of the �ndustry �s not known, should be allocated quant�t�es of water 
per un�t area as �nd�cated �n Table �-5. However, real�st�c t�me frames for the gradual development of 
such areas must be cons�dered.
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Table 2-5: Micro Industry Water Demand

Industry Product of Raw Material 
Unit

Water Consumption in m3 per Unit 
of Raw Material

Food Industry
D�ary
Abatto�r
Brewery
Sugar
Gra�n m�llers

M�lk rece�ved (m3)
An�mals slaughtered (ton)
Beer (m3)
Cane (ton)
Gra�n rece�ved (ton)

� - 5
5 - �0

�0 – �0
�0 - �0
� - 5

Others 
Pulp m�ll
Paper
Ch�pboard factory
Tannery
Cotton m�ll

Bleached pulp (ton)
H�gh qual�ty paper (ton)
Ch�pboard (ton)
Raw sk�ns (ton)
Cotton thread (tufi)

�00 – 800
300 – 500
50 – �00
50 – �50

– �5050.

Table 2-6: Macro industry Water demand

Industry Type Water Demand m3/ha/d
Med�um Scale (water �ntens�ve) 40
Med�um Scale (med�um water �ntens�ve) �5
Small Scale (dry) 5

2.3.8 Water for Production Demand

2.3.8.1 Irrigation

Normally, water demand cons�derat�ons should not �nclude prov�s�ons for �rr�gat�on apart from very 
l�m�ted garden water�ng wh�ch, �n any case, �s already �ncluded �n the per cap�ta un�t water demand 
figures. It is however not practical that treated water is used for large scale irrigation.

2.3.8.2 Livestock

Accord�ng to the Water Act of Uganda �997 �n Part I – Interpretat�ons, “l�vestock un�t” means a mature 
animal with a live weight of 500 kilograms and for the purposes of this definition— 

one head of cattle shall be deemed to be 0.7; 
one horse shall be deemed to be 0.6; 
one donkey shall be deemed to be 0.4; 
one goat shall be deemed to be 0.�5; and
one sheep shall be deemed to be 0.�5; of a l�vestock un�t;

To cater for pigs and poultry farming, the figures below can be used for design:

one P�g shall be deemed to be 0.4; and
one ch�cken shall be deemed to be 0.05 of a l�vestock un�t;

Where demand �s large, cons�derat�on must be made for bulk water transfers, covered under Chapter 7 
- “Water Transm�ss�on and D�str�but�on”.

�)
��)
���)
�v)
v)

�)
��)
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2.3.8.3 Aquaculture

Treated water would normally not be used for aquaculture. Th�s top�c w�ll therefore be handled �n the 
bulk water sect�ons.

2.3.8.4 Rural Industries

Rural �ndustr�es �nclude paper m�lls; m�lk cool�ng plants; coffee huller�es; tea estates; soap manufacturers; 
fruit and juice processing plants; leather tanning plants; abattoirs; fish processing plants; soda and 
alcoholic beverage plants; flower farms; poultry and piggery farms, etc. Some of the rural industries 
may use treated water – such �ndustr�es often mod�fy the ma�ns supply apprec�ably. Some �ndustr�es, 
espec�ally those that requ�re water for cool�ng or clean�ng, w�ll requ�re substant�al amounts of untreated 
water. The demand for each industry should be assessed according to its specific requirements for both 
treated water and water for product�on.

2.3.9 Other Commercial Uses

Other demands �nclude water sellers, such as water tenders; water for construct�on purposes (wh�ch may 
be h�gh but trans�ent – last�ng for the length of the construct�on act�v�t�es); water for street wash�ng / 
clean�ng, founta�ns and other mun�c�pal uses; water for recreat�on such as sw�mm�ng pools or for water 
sports; etc.

Table 2-7: Other Commercial Water demand

Consumer Unit Rural Urban Remarks

Hotels/Lodges l/bed/d 50
50

300
600

Low class
Med�um class
H�gh class

Bars/Restaurant l/bar/d 500 700
�,000

Low class
H�gh class

Shops l/shop/d 50 50
�00

Small Town
Large Town

Shops/dwell�ng place l/shop/d �00 �50
�00

Small Town
Large Town

Petrol Stat�on/wash�ng bays l / P e t r o l 
Stat�on/d �,000 5,000

�0,000
Small Town
Large Town

Markets l/ha/d �0,000

Publ�c San�tat�on l/person/d �0 50
70

Small Town
Large Town

2.3.10 Fire Fighting

In the large towns, water demand for firefighting should be determined in collaboration with the relevant 
fire authorities. In addition to the quantity being available for firefighting, the location of fire hydrants 
should be carefully thought out and areas that are heav�ly bu�lt, �ndustr�al areas, large �nst�tut�ons and 
specific high rise buildings should have fire hydrants located in the vicinity. Emphasis should be made on 
accessibility of the fire hydrants to the fire trucks; however, they should also be secure from commercial 
water sellers who may m�suse the hydrants by gett�ng water free of charge.

For smaller urban centers, it is recommended that the capacity for fire-fighting should not be less than 
�0 l/s dur�ng a per�od of � hours.
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Normally, there should not be any provision made for firefighting in rural water supply schemes. Where a 
supply is provided for a rural industry, consideration should be made for a fire fighting system, especially 
if the industry deals in inflammable items such as foam mattresses; paper; petroleum products; timber; 
etc. Prov�s�on may be made for pump�ng from an underground reservo�r located strateg�cally �n the 
vicinity of the factory. Rural schools and other large institutions should have their own firefighting 
systems depending on the individual requirements. Water for firefighting is considered as part of Non-Water for firefighting is considered as part of Non-
Revenue Water (NRW) and therefore forms part of the unb�lled author�zed consumpt�on. 

Des�gn cr�ter�a for p�pes and reserves should be as shown below

Minimum pipe diameters, flows, pressures and hydrant distribution
Pipe sizes in the non-industrial firefighting distribution system should not be less than DN80 
but where there are parallel d�str�but�on ma�ns down both s�des of a road, the d�str�but�on ma�n 
w�thout hydrants may be DN65. In m�xed or general �ndustr�al areas the m�n�mum d�ameter 
should be DN��0/�00 and on �ndustr�al estates, �t should be DN�50.
The design flow into a fire hydrant should not be less than 10 l/s. The residual head in the pipes 
at a hydrant should not be less than 15m. The distance between two adjacent fire hydrants should 
not exceed 300m such that the d�stance of a bu�ld�ng from a hydrant �s not more than �50m.
Firefighting reserve should be in accordance with the number of people served by a reservoir as 
shown �n the follow�ng table below

However, since such a high rate is exerted for a short while by which time the fire either dies down or 
is brought under control and since the instance of fires are relatively few in number each year, the per 
capita water required is either calculated on yearly basis or may be ignored. The required number of fire 
hydrants should be provided at suitable locations in the distribution systems so that the specified number 
of fire hydrants can be used during the emergency according to the requirements.

�)
��)

���)

�v)
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Table 2-8: Fire Fighting Flows

Category Description Flow in l/s

Housing

Hous�ng developments w�th un�ts of detached or sem�detached 
houses of not more than two floors should have a water supply 
capable of del�ver�ng a m�n�mum through any s�ngle hydrant of: 8

Mult� occup�ed hous�ng developments w�th un�ts of more than two 
floors should have a water supply capable of delivering a minimum 
through any s�ngle hydrant on the development of: �0 - 35

Transportation
Lorry/coach parks, mult�-
storey car parks and 
serv�ce stat�ons

All of these amen�t�es should have a 
water supply capable of del�ver�ng a 
m�n�mum through any s�ngle hydrant 
on the development or w�th�n a 
veh�cular d�stance of 90metres from 
the complex of:

�5

Industry

In order that an adequate 
supply of water �s 
ava�lable for use by the 
F�re Author�ty �n case of 
fire it is recommended that 
water supply �nfrastructure 
to �ndustr�al estate follows 
w�th the ma�ns network 
on s�te be�ng normally not 
less than DN�50

Up to one hectare �0

One to two hectares 35

Two to three hectares 50

Over three hectares 75

Shops, Offices, 
Recreation 
Tourism

Commerc�al developments of th�s type should have a water supply 
capable of delivering a minimum flow to the development site of 
between: �0 - 75

Education, 
Health And 
Community 
Facilities

V�llage and small 
commun�ty halls

Should have a water supply capable of 
delivering a minimum flow through any 
s�ngle hydrant on the development or w�th�n a 
veh�cular d�stance of �00m from the complex. �5

Pr�mary schools 
and s�ngle storey 
health centres

Should have water supply capable of del�ver�ng 
a minimum flow of through any single hydrant 
on the development or w�th�n a veh�cular 
d�stance of 70m from the complex. �0

S e c o n d a r y 
s c h o o l s , 
colleges, health 
and commun�ty 
fac�l�t�es

Should have water supply capable of del�ver�ng 
a minimum flow through any single hydrant on 
the development or w�th�n a veh�cular d�stance 
of 70m from the complex. 35

Source: National guidance document on provision of water for firefighting, Appendix 5, Water UK, May 
2002

2.3.11  Non Revenue Water (NRW)

The Internat�onal Water Assoc�at�on (IWA) has developed a deta�led methodology to assess the var�ous 
components of NRW. The manual user �s encouraged to refer to the publ�cat�on by Internat�onal Water 
Assoc�at�on, Assess�ng NRW and �ts components - a pract�cal approach, publ�shed on August �003 for 
more deta�led analys�s. Accord�ngly, NRW has the follow�ng components:
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Unb�lled author�zed consumpt�on
Apparent losses (water theft and meter�ng �naccurac�es)
Real losses (from transm�ss�on ma�ns, storage fac�l�t�es, d�str�but�on ma�ns or serv�ce 
connect�ons)

In many ut�l�t�es, the exact breakdown of NRW components and sub-components �s s�mply not known, 
making it difficult to decide the best course of action to reduce NRW. Metering of water use at the level 
of product�on (wells, bulk water supply), at key po�nts �n the d�str�but�on network and for consumers �s 
essent�al to est�mate levels of NRW.

NRW �s somet�mes also referred to as unaccounted-for water (UFW). Wh�le the two terms are s�m�lar, 
they are not �dent�cal, s�nce non-revenue water �ncludes author�zed unb�lled consumpt�on (e.g. for 
firefighting and community/religious functions) while unaccounted-for water excludes it. 

The most commonly used �nd�cator to benchmark NRW �s the percentage of NRW as a share of water 
produced. However, when losses �n terms of absolute volume are constant, the percentage of NRW 
var�es greatly w�th total water use, �.e. �f water use �ncreases and the volume of losses rema�ns constant 
the percentage of NRW decl�nes. Th�s problem can be el�m�nated by measur�ng NRW not as a share, 
but �n terms of absolute losses per connect�on per day, as recommended by the Internat�onal Water 
Assoc�at�on.Also,losses per k�lometer of network are more appropr�ate to benchmark real losses, wh�le 
losses per connect�on are more appropr�ate to benchmark apparent losses.

There has not been a study specifically to estimate daily water losses in cubic meters per kilometer 
(Loss) of network �n Uganda. However, such stud�es have been carr�ed out �n several parts of the world 
as indicated in Water in figures, DANVA�s Benchmarking and Water Statistics 2010. This figure rangesWater in figures, DANVA�s Benchmarking and Water Statistics 2010. This figure ranges 
from �.5 �n Netherlands, 4� �n Braz�l and 5� �n Ch�na.In Uganda, the average UFW was 3�% �n �005In Uganda, the average UFW was 3�% �n �005 
(Mug�sha, �007). A correlat�on was der�ved �n the countr�es w�th known UFW and  losses per k�lometer 
�n cub�c meters (Loss) of network as g�ven below. 

Us�ng th�s relat�onsh�p, �t was establ�shed that �n the case of Uganda, an allowance of �7 cub�c metersn the case of Uganda, an allowance of �7 cub�c meters 
per kilometer per dayshould be included to cater for leakage, wastage, water demand for the flushing 
of p�pel�nes, storage tanks and others ord�nary �nternal waterworks usage. If there �s cons�derable 
leakage or unauthor�zed w�thdrawal of water from the d�str�but�on system, then the requ�red supply 
of water w�ll of course be much greater. In some cases, these water losses may r�se to as h�gh as 30 
– 50. However, a detailed study should be carried out to establish this figure as it would give a clear 
�nd�cat�on of real loss.

2.3.12 Treatment and System Losses

Treatment water losses include water for backwashing filters, water lost during sedimentation, water 
used within the plant for cleaning filters, sedimentation tanks, etc. This water may be up to 10% of the 
raw water abstracted from the r�ver or lake.

It should be noted that the average day unit water demand figures are presented as guidelines, which 
may be adjusted if different figures are shown to be more appropriate in a particular situation. The 
figures represent the mean values of water demands for the respective consumer types. For each given 
consumer type, there w�ll be cons�derable var�at�ons �n water demands from member to member.

•
•
•
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2.4  Water Demand Patterns and Peak Factors

2.4.1 General

The da�ly water demand �n a water supply scheme area w�ll vary dur�ng the year due to seasonal cl�mat�c 
var�at�ons, work s�tuat�ons such as harvest seasons and other factors such as rel�g�ous and cultural 
festivals. The figures given are average day unit demand figures, which are used in conjunction with 
the numbers of the domest�c, �nst�tut�onal, commerc�al, �ndustr�al and other consumers to calculate the 
“Average Day Demand”. However, the “Max�mum Day Demand” used to des�gn the capac�t�es of the 
water sources, raw water transm�ss�on ma�ns, treatment plants and treated water transm�ss�on ma�ns, �s 
est�mated by add�ng 30% to the “Average Day Demand”. Thus, the “Peak Day Factor” �.e. the quot�ent 
“Max�mum Day Demand” / “Average Day Demand” becomes �.3.

2.4.2 Rural Areas

In rural areas, �t can be assumed that the bulk of the water used �n a day �s drawn between 7 a.m. and 
7 p.m., but w�th hourly var�at�ons. Generally, two peak per�ods w�ll be observed, one �n the morn�ng 
and the other �n the even�ng. The same pattern can be assumed to apply for Pr�vate Connect�ons and for 
Publ�c Standp�pes.

It �s generally not econom�cal, and not even techn�cally feas�ble to des�gn water sources, raw water 
transmission mains, treatment plants and treated water transmission mains to follow all such fluctuations 
�n water demand, and thus to be able to meet those “Peak Hour Demands”. Th�s �s the reason why water 
storage fac�l�t�es are needed and prov�ded as d�scussed �n more deta�l �n Chapter 9 – “Treated Water 
Storage”.

However, d�str�but�on ma�ns have to be des�gned w�th adequate capac�ty to meet the “Peak Hour 
Demands” of the consumers be�ng suppl�ed. Hence, the “Peak Hour Factor” �.e. the quot�ent “Peak Hour 
Demand” / “Max�mum Day Demand” has to be determ�ned for every scheme. It �s th�s “Peak Hour 
Factor” which has to be multiplied with the “Maximum Day Demand” figures, in order to determine the 
“Peak Hour Demand” flows used in designing the capacities of the distribution mains. The “Peak Hour 
Factor” w�ll depend on the s�ze of the water supply scheme and the character of the commun�ty to be 
served.

“Peak Hour Factors” tend to be h�gh for small rural commun�t�es and lower for larger commun�t�es 
and towns. Presently, there �s l�ttle data ava�lable on d�urnal demand pattern var�at�ons and “Peak Hour 
Factors” �n rural areas, but “Peak Hour Factors” g�ven �n Table �-8 can be used as gu�del�nes.

Table 2-9: “Peak Hour Factors” for Rural Areas

Population [Pe] Peak Hour Factors

�,000 or more �.0

500 �.5

�00 3.0

�00 3.5

50 4.5

Linear interpolation may be used to determine “Peak Hour Factors” for intermediate population figures. 
Where rel�able records of actual consumpt�on patterns do ex�st, correspond�ng “Peak Hour Factors” 
should be calculated accord�ngly. Large �nst�tut�ons and �ndustr�es may have the�r own on-s�te balanc�ng 
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storage fac�l�t�es wh�ch may somewhat attenuate “Peak Hour Demands” �n d�str�but�on systems. Such 
storage facilities should be encouraged and considered when determining the design flows and capacities 
of the d�str�but�on ma�ns. W�th EPANET, typ�cal demand curves are g�ven �n the charts below. The 
patterns may be appl�ed to supply areas or even to taps, depend�ng on the s�ze of the network

Figure 2-2: Typical Demand Patterns For Various Users.

2.4.3  Urban Centres

Demand pattern and “Peak Hour Factors” adopted �n the des�gn of water supply schemes �n large towns 
and urban centres should be based on the analyses of records from the ex�st�ng water supply systems. If 
such �nformat�on �s not ava�lable, records from other s�m�lar towns may be used.



T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N �4

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 



T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 3‑1

3.1 General

3.1.1 General Selection Considerations

The select�on of a su�table source or comb�nat�on of sources of water �s one of the �n�t�al steps �n 
designing a water supply scheme. The source or sources must be capable of supplying sufficient water 
of acceptable qual�ty for the scheme.

Water sources can be broadly d�v�ded �nto surface water sources and groundwater sources. The select�on 
of the most su�table water source �nvolves tak�ng �nto account a number of general factors as follows:

Quantity: Is the quantity of water available at the source sufficient to meet present and future 
demand? Water extraction permits from the Directorate of Water Resources Management in 
Entebbe are requ�red for water abstract�on �n Uganda.  
Quality: Is the raw water quality such that, water which meets the quality standards specified in 
Chapter 5. Dr�nk�ng water sources must meet the m�n�mum WHO water qual�ty standards. 
Cost: Are the capital as well as the operation and maintenance costs of the source acceptable?
Technology: Is there appropr�ate technology and expert�se to explo�t and ma�nta�n the source of 
water and associated water treatment and transmission facilities?
Protection: Can the water source be protected from present and future pollut�on and contam�nat�on 
and can the catchment area be protected effect�vely to ensure the susta�nab�l�ty of the quant�ty 
and quality of the raw water?

The freshwater sources of Uganda �nclude surface water (r�vers, streams and swamps), ground water 
(deep and shallow wells, spr�ngs) open water bod�es (lakes) and ra�nfall. F�gure 3-� and  F�gure 3-� 
show the general d�str�but�on of ra�nfall and ground water resources �n Uganda.

3.1.2  Specific Selection Considerations

Sources wh�ch requ�re l�ttle or no treatment of raw water such as spr�ngs, wells and boreholes should 
be given the highest selection priority provided their yields are sufficient to meet the water demands of 
the scheme.In select�ng surface water sources, r�vers w�th upland mostly forested catchments should be 
g�ven preference.

Sources from wh�ch water can be suppl�ed by a grav�ty system are part�cularly more favourable than 
those wh�ch requ�re pump�ng. For household and small commun�ty water suppl�es, ra�nwater harvest�ng 
w�ll serve qu�te well �n most areas of Uganda.

i)

ii)

iii)
iv)

v)

WATER SOURCES
Chapter3
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Figure 3-1: Annual Average Rainfall in Uganda
Source: MWE, National Water Resources Assessment Report, 2011

Figure 3-2: Ground Water Resources in Uganda
Source: MWE, National Water Resources Assessment Report, 2011.
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3.2 Rivers and Streams

3.2.1 Introduction

Uganda’s r�vers and lakes, �nclud�ng wetlands, cover about �8% of the total surface area of the country, 
w�th ra�nfall be�ng the greatest contr�butor to the surface and ground water resources. Almost the whole 
of Uganda lies within the Nile basin, which is shared by 10 countries. The most significant hydrological 
feature �n Uganda �s Lake V�ctor�a, the second largest freshwater lake �n the world, wh�ch �s also the 
source of the N�le, the longest r�ver �n the world (Uganda Nat�onal Water Development Report, �005).

Table 3-2: Major Rivers in Uganda.

Basin Area, km2 Annual 
Average Yield, mm Mean Flow (m3/s)

V�ctor�a N�le 57,669 �33.05 �,��0.35

Kyoga N�le �6,796 98.57 �,05�.73

Edward and George �8,6�4 ���.95 �59.�4

Aswa �6,868 �0�.0� 4�.9�

Albert N�le �0,004 96.45 �,�6�.45

Source: MWE, National Water Resources Assessment Report, 1998

Table 3-3: Major Lakes of Uganda

Lakes
Total 
area 
(km2)

Area in
Uganda
(km2)

Height
above
sea level(m)

Catchment
Area
(km2)

Catchment
area in
Uganda 
(km2)

Maximum
Depth (m)

Victoria 68,457 28,665 1,123 184,000 59,858 82

Albert 5,335 2,913 621 n.a 18,223 51

Edward 2,203 645 913 12,096 18,624 117

Kyoga & Kwania 2,047 2,047 1,033 75,000 59,669 7

Salisbury (Bisina) 308 308 1,047 n.a n.a n.a.

George 246 246 914 9,705 n.a 3

Source: MWE, State of the Environment Report, 2002

3.2.2 Environmental Residual Flows 

Environmental flows describe the quantity, timing, and quality of water flows required to sustain 
freshwater and estuar�ne ecosystems and the human l�vel�hoods and well be�ng that depend on these 
ecosystems(The Brisbane Declaration, 2007). Through des�gn and �mplementat�on of env�ronmental 
flows, it is required to achieve a flow regime, or pattern, that provides for human uses and maintains the 
essential processes required to support a healthy river ecosystems. Environmental flows do not necessarily 
require restoring the natural, pristine flow patterns that would occur absent human development, use, 
and diversion but, instead, are intended to produce a broader set of values and benefits from rivers than 
from management focused strictly on water supply, energy, recreation, or flood control.
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Environmental flow components, or events, may be quantified in terms of magnitude (the volumetriccomponents, or events, may be quantified in terms of magnitude (the volumetric 
flow rate or level in m3/s), timing when the low flow event occurs (the dry month), duration (how long 
the low flow event lasts in days), frequency of occurance of the low flow event (return period) and rate 
of change of low flow over time (m/day of flow recession). The recommended Environmental ResidualEnv�ronmental Res�dual 
Flow var�es for �nd�v�dual r�vers and streams and therefore a comprehens�ve Env�ronmental Impact 
assessment should be carried out and approved by NEMA to determine this flow. 

3.2.3  Safe Yield

Safe y�eld �s the term used to express the amount of water an aqu�fer or well can y�eld for consumpt�on 
w�thout produc�ng negat�ve effects to the aqu�fer and the env�ronment. For a r�ver/stream, safe y�eld 
represents the minimum flow rate that will guarantee no risk to the river hydrology and its surroundings. 
Safe y�eld �s est�mated so as to check whether the planned w�thdrawal for water supply purposes w�ll 
be safeguarded �n the long run. Generally the amount of water w�thdrawn should not exceed the natural 
recharge. Potential effects are contamination of the aquifer water by induced infiltration, decreased river 
flows, and lowering of the water table.

To determine the “Safe Yield” of a river or stream, a flow – frequency/probability analysis should be 
performed and plotted on appropriate statistical graph using the lowest recorded daily flow of each 
calendar year for wh�ch records are ava�lable for the dry seasons. From th�s analys�s and graphs, the 95% 
probability of daily low flow should be determined and taken as the; “Safe Y�eld” of the r�ver or stream. 
Surface water mon�tor�ng network �n Uganda �s shown �n Append�x �a.

3.2.4 Flood Flows

Small dams, (w�th a he�ght less than 4 m), sp�llways and �ntake structures should be des�gned for the 
respective 100-year return period floods.

3.2.5 Flow Records

When dealing with a river or stream with no or few flow observation records, full use should be made 
of flow records and rainfall data from adjacent rivers or similar catchments to construct a probable 
flow-frequency/probability curve. Rivers and streams which are identified as sources of water for water 
supply development should be installed with flow and level measuring devices as part of the project 
development. A procedure should be provided for the taking and keeping of records from the flow 
and level measur�ng dev�ces. Th�s procedure �s ava�lable from the D�rectorate of Water Resources 
Management.

For design purposes estimation of stream and river flow requires several routine measurements along the 
stream. Accuracy of the stream flow data will depend on the physical features of the cross section, the 
instrument being used and the frequency of measurement. Stream flow data for design purposes should 
be collected at �ntervals, say monthly on a cont�nuous bas�s. Th�s �s prel�m�nary real t�me data that can 
be accessed by users on the �nternet �f uploaded. The mean d�scharges of the day and extremes are then 
computed. This is the final data that can be reliably used for design purposes. The user is referred to the 
Manual on Stream Gaug�ng, �0�0, Vol. � & � by the World Meteorolog�cal Organ�sat�on for gu�dance 
on stream and R�ver Gaug�ng. 

3.2.3 Ungauged Rivers

Data availabilityand quality especially for river flows in Uganda has always been  a challenge. In case of 
missing data, statistical gap filling can be employed, however, in case of un gauged rivers, we proposee propose 
a five -step prediction to be used as follows: 

Ident�fy publ�cly ava�lable �nput data based on trad�t�onal ground measurement �ns�de the 
catchment area. 

�)
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Collect river flow data for a period not less than 3 years. This data is then split into 3 part to be 
used for warm�ng up, cal�brat�on and val�dat�on.
Select appropr�ate hydrolog�cal model based on temporal resolut�on of data
Cal�brate values of the model parameters us�ng ground measurement such that the model closely 
s�mulates the hydrolog�cal behav�or of r�ver. 
Validate the model using the last part of the records and compute the efficiency. This model can 
then be used for pred�ct�on and forecast�ng for the un-gauged r�vers.

3.3  Springs

3.3.1 General

Springs are found mainly in mountainous or hilly areas. A spring can be defined as a place where rock 
or clay layers block the flow of underground water, forcing it upwards where the outflow emerges in the 
open at the ground surface.

In Uganda, there are two ma�n types of spr�ngs as follows:

Gravity springs: occurring in unconfined aquifers; and
Artesian springs: occurring in aquifers overlain by confining impervious layers preventing the 
water from r�s�ng to �ts free water table level, and therefore kept under pressure.

To locate good spr�ngs and to get �nformat�on about the�r rel�ab�l�ty espec�ally dur�ng drought per�ods 
the des�gner should consult the local people res�dent �n the area. For spr�ngs w�th h�gh y�elds that may be 
considered for high demand pipe schemes, there should be a provision for flow measurement to monitor 
the variation of the spring yield over time. It is common to find springs without any flow records.

3.3.2 Yield

To measure the yield of springs identified as potential sources for a water supply scheme, simple devices 
such as over-flow weirs and V-notches should be installed as early as possible in the planning process of 
the scheme. Spr�ng y�eld �s measured �n l�tres per second (l/s). The measurement process �nvolves two 
selected tra�ned people who measure the d�scharge from the spr�ng over the study per�od.

The process starts w�th the construct�on of an earth dam. Spr�ng water reta�ned by the dam �s dra�ned 
through a p�pe. One person collects the water w�th a conta�ner of a known volume wh�le the other 
measures the time needed to fill the container. The pipe diameter and container size are chosen such 
that the water outflow will not fill the measuring container in less than five seconds. Sometimes several 
p�pes are used. Four read�ngs are taken dur�ng the day and day averages are calculated, express�ng the 
d�scharge �n l/s. Th�s �s repeated once every week for the measur�ng per�od. In th�s way, the m�n�mum and 
max�mum y�elds are determ�ned. Measurement of y�eld should be done both �n the dry and wet seasons, 
for determ�nat�on of safe y�eld, the dry season y�eld �s part�cularly �mportant. In all developments on 
springs, there shall be installed a flow measuring device to monitor flow rate for springs over time.

Stud�es of catchments w�th many spr�ngs channelled �nto a s�ngle supply po�nt must be carr�ed out 
carefully for reasons of back-pressure effects. S�mply add�ng the y�elds from each �nd�v�dual spr�ng 
together is not enough. An excessive flow could build up a back pressure and cause some springs to 
d�vert the�r courses. In some cases �t may lead to permanent damage to the catchment. The des�gner 
needs to study the flow characteristics of any collection chambers or pipes and ensure that each spring 
outlet flows freely.

Flows from artesian springs often fluctuate less than flows from gravity springs. Variations in flow of 
grav�ty spr�ngs can be cons�derable and therefore many measurements are requ�red to determ�ne �f the 
spring can supply sufficient water for a planned scheme. The bacteriological quality of water from 
artesian springs also tends to be better, because the impervious confining layers protect the water in 
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the spr�ng aqu�fer aga�nst contam�nat�on. Therefore �n most cases artes�an spr�ngs are to be preferred to 
grav�ty spr�ngs. For water supply des�gns purposes the safe y�eld of spr�ngs should be est�mated as �/3 
of the dry season y�eld. F�gure 3-3 shows the d�str�but�on of spr�ngs �n Uganda. Th�s serves as gu�de on 
where spr�ng protect�on may be cons�dered as a water supply opt�on.

Figure 3-2: Spring Distribution in Uganda.
Source: Uganda Water Supply Atlas, 2010

3.3.3 Spring Protection
Spr�ngs should be protected to prevent contam�nat�on by surface water. The ground acts as a bacter�al 
filter making spring water a reliable water source. To protect a spring the following steps are followed:

Clean up the whole s�te by d�gg�ng dra�nage trenches; 
Place a layer of hardcore over wh�ch �s an �mperv�ous clay layer; The spr�ng water �s collected 
and channeled to the d�scharge p�pe �n a concrete wall through a gravel layer;
Spr�ng water �s collected and channelled through a gravel layer to the d�scharge p�pe �n the concrete 
wall. The pipe is located at a convenient height to enable villagers to fill their containers; 
An �mperv�ous clay layer �s used above and around the spr�ng to restr�ct surface seepage. A 
dra�nage channel �s dug to channel away storm water and a concrete paved access prov�ded to 
enable users to easily fill containers; and
A fence may be bu�lt to keep l�vestock out and the grass surround�ng the spr�ng kept well-
tr�mmed.

Common mater�als are used �n the construct�on of spr�ngs: Stones, aggregates and sand are obta�ned 
locally and cement used ord�nary Portland cement. The walls may also be bu�lt from local stone by 
sk�lled “Fund�s” m�n�m�z�ng the use of cement hence lower�ng the cost. Further �nformat�on on spr�ng 
protect�on and construct�on can be obta�ned from the Water A�d webs�te: http://www.watera�d.org/uk/
what_we_do/susta�nable_technolog�es/technology_ notes/�45.asp

3.4  Boreholes and Wells

3.4.1 Basic Considerations

The predom�nant water supply technology used �n Uganda �s the deep borehole. Approx�mately 38% 
of the populat�on w�th access to safe water suppl�es �s served by deep boreholes. Th�s �s followed by 
protected spr�ngs (�6%) and shallow wells (�5%). The large number of boreholes �s suggest�ve of the 
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rel�ab�l�ty of ground water resources and the appropr�ateness of the borehole technology as a means of 
abstract�ng ground water. F�gure 3-4 g�ves a gu�de on where borehole technology can be cons�dered as 
a water supply opt�on.

The potent�al of shallow wells �s qu�te h�gh, espec�ally �n the valleys. The�r potent�al �s favoured by the 
th�ck regol�th that �s fa�rly coarse gra�ned. From Uganda’s exper�ence, shallow wells are a very rel�able 
source of water supply to the commun�t�es although precaut�ons need to be taken to ensure that they are 
not contam�nated. Suscept�b�l�ty to contam�nat�on �s the major reason why the shallow well �s becom�ng 
an unpopular technology.

The safe or long-term yield of a borehole or well can be defined as the maximum quantity of water that 
can be obta�ned permanently from the borehole or well. The safe y�eld has to be est�mated to see whether 
the planned abstract�ons for water supply purposes can be susta�ned �n the long term.

The long-term y�eld evaluat�on of a water supply borehole rel�es on the follow�ng factors:

Est�mat�ons of recharge;
Calculation of hydrogeological parameters such as Transmissivity (T), Storage Coefficient (S), 
Sk�n Factor and others; and
Analys�s of aqu�fer boundary cond�t�ons.

For proper aqu�fer analys�s, test pump�ng per�ods should be extended to � week. Th�s �s �mportant 
espec�ally �n major water supply schemes where large cap�tal �nvestments are �nvolved. However, 
exper�ence �n Uganda over the last �0 years shows that pump�ng tests of at least 7� hours can prov�de 
aqu�fer character�st�cs �nformat�on that can gu�de des�gn.

A 7�-hour test should be carr�ed out for a new water supply borehole, to fac�l�tate the cho�ce of pump 
capacity. Such a test will not provide sufficient information on aquifer yield. However, the aquifer type 
and properties must be identified and understood if serious mistakes are to be avoided.

Est�mat�on of aqu�fer boundary cond�t�ons �s a major problem after a short pump�ng test. In such cases, 
the judgment of a sk�lled hydro-geolog�st w�ll be requ�red. Negat�ve hydraul�c boundar�es w�th�n a g�ven 
recharge area w�ll reduce y�eld, whereas pos�t�ve boundar�es w�ll �ncrease y�eld.

The recharge rate and the est�mated recharge area of the aqu�fer are the other �mportant parameters 
requ�red to est�mate long- term y�eld. These parameters are best evaluated based on long-term mon�tor�ng 
of borehole abstract�ons, groundwater levels and ra�nfall s�nce recharge may not take place every 
year, the pump capac�ty �n a new borehole should be chosen assum�ng that recharge may not occur 
for per�ods of up to 5 years.There are several observat�on wells around the country that are mon�tored 
by the D�rectorate of Water Resources management. Records of these should be consulted to prov�de 
add�t�onal �nformat�on on ground water character�st�cs �n Uganda.

3.4.2 Borehole Capacity Evaluation

3.4.2.1 Test Pumping

For long‑term planning, it is very important to obtain accurate production capacity data for each 
borehole. However, for practical reasons, routine test pumping should be limited to 48 hours for hand 
pumped wells and 72 hours for motor production wells. The aim of the pumping test is to determine a 
reasonable capacity for the production pump. However in semi‑arid climates the capacity can be easily 
over estimated if complete aquifer analysis is not done. Therefore, it is important to compare the test 
results to the estimated storage capacity and the long‑term recharge within the area of influence of the 
borehole.The pump used for test pumping should have adequate capacity to give maximum information 
without pumping the borehole dry prematurely.
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Figure 3-3 Borehole Distribution in Uganda
Source: Uganda Water Supply Atlas, 2010

The three ma�n tests to be carr�ed out on bore holes are:

Step test – des�gned to determ�ne the short term relat�onsh�p between the y�eld and the draw 
- down of the borehole be�ng tested; 
Constant rate test – pump�ng �s carr�ed out at constant rate for a longer durat�on than the step test 
and �s used to prov�de �nformat�on on the hydraul�c propert�es of the aqu�fer; and
Recovery test – �t �s carr�ed out by mon�tor�ng the recovery of the water level after pump�ng 
has stopped at the end of the constant rate test or step test. It �s used as a check on aqu�fer 
character�st�cs determ�ned by other tests.

Table 3-4 g�ves a summary of d�fferent borehole water uses and the correspond�ng tests for each.

Table 3-4: Recommended Test and Duration to Estimate Sub-Surface Water Yield

Use Of Water Test Duration Recovery Test

Stock or domest�c Extended step Total 6 hours Up to 3 hours

Hand pump Extended step Total 6 hours Up to 3 hours

Town water supply 
Low-y�eld borehole

Step
Constant d�scharge

4 x � hour
�4 hours

-
Complete

Town water supply
H�gh-y�eld or ma�n 
borehole

Step
Constant d�scharge

4 x � hour
7� hours or more

-
Complete

Sources: Guidelines for Human Settlement Planning and Design Vol. 2, ICRC 2005.

For further reference, deta�led descr�pt�ons of each of these tests and analys�s of data can be obta�ned 
from the ICRC Pract�cal gu�del�nes for Test Pump�ng �n Water Wells - Techn�cal Rev�ew �0��. 

3.4.2.2 Long Term Test-Pumping

A longer term test pump�ng of upto � week �s necessary to ascerta�n the water qual�ty and to ensure that 
the long-term y�eld �s susta�nable. An extended per�od of pump�ng w�ll also ensure that the borehole �s 
adequately cleared of dr�ll�ng cutt�ngs.
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The test pump�ng procedure should �nclude the follow�ng tests:

An a�rl�ft test carr�ed out on complet�on of the borehole, to prov�de �nformat�on for the select�on 
of the appropr�ate pumps for the follow�ng tests;
A �-hour test w�th accurate record�ng of drawdown and capac�ty, to fac�l�tate the est�mat�on of 
the capac�ty for the follow�ng 7� hour test; and
A 7�-hour test, to fac�l�tate the est�mat�on of the product�on capac�ty.

3.4.2.3 Evaluation of Test Pumping Data

A pract�cal way to make a reasonably rel�able evaluat�on of the test pump�ng data �s to use Jacob’s 
Extrapolat�on Method or other s�m�lar methods where the drawdown �s plotted aga�nst the logar�thm of 
the pump�ng t�me. The 5-year capac�ty and drawdown are found by extrapolat�on on the plotted graph, 
to g�ve an est�mate of the long-term y�eld of the borehole. The product�on pump capac�ty can then be 
calculated us�ng the appropr�ate formulae �ncorporat�ng the pump level below the stat�c water level, the 
capac�ty for the 48-hour test and the 5-year drawdown as extrapolated on the “Jacob’s graph”. 

3.4.2.4 Recovery

When pump�ng �s stopped, the water level �n the borehole and aqu�fer w�ll r�se towards �ts pre-pump�ng 
level, the stat�c head. The rate of recovery can y�eld useful �nformat�on about the present aqu�fer cond�t�ons 
�n a s�m�lar manner to the pump�ng test. Therefore, recovery analys�s and evaluat�on should be done by 
an exper�enced Hydro-geolog�st �n order to crosscheck the calculat�ons based on test pump�ng.

3.4.2.6Existing Borehole Data

Data on y�elds from ex�st�ng boreholes should be used w�th caut�on. After years of use of the boreholes 
the y�elds m�ght have changed or what �s recorded as the y�eld may actually be the capac�ty of the pump 
used for the test pump�ng. If the background of the reported y�eld of a borehole �s suspect, fresh test 
pump�ng �s recommended to be done.

3.4.2.6 Well Data 

A file should be established on each supply at the time when plans for its construction are initiated. From 
initial planning to the final abandonment of the well, the following records should be generated and 
carefully preserved in this file as follows

Initial design file should include drawings or written specifications on diameter, proposed total 
depth, pos�t�on of screens or open hole, method of construct�on and mater�als to be used I the 
construct�on;
Construction record file should include the method of construction and the driller�s log, 
geophys�cal log of the mater�als penetrated dur�ng construct�on, the d�ameter of the cas�ngs and 
screens, the depths of cas�ngs and screens, total depth of well and the we�ght of the cas�ng, records 
of all logs for all test wells �nclud�ng those that were not successful due to small y�elds;
Well acceptance test file should include a copy of the water level measurements made before, 
dur�ng and after the drawdown test, a record of the pump�ng rate, cop�es of graphs and data and 
copy of the hydrolog�st’s report on the �nterpretat�on of the test results;
Pump and installation file should include pump type, motor specifications, depth to pump intake, 
a copy of the pump manufacturers performance and efficiency data and data on the length of 
the a�r l�ne or a descr�pt�on of fac�l�t�es prov�ded for water level measurements �nclud�ng a 
descr�pt�on of the measur�ng po�nt;
Operation record file should include data on the type of meter used to measure the flow rate, 
weekly measurement of the stat�c and pump�ng water levels and per�od�c analys�s of water 
qual�ty;
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Record of well maintenance file should include the dates and the activities instituted to increase 
the y�eld or to �mprove the water qual�ty and the data show�ng the results ach�eved; and
Record of well abandonment file should include the date that the use of the well was discontinued 
and the descr�pt�on of the methods and mater�als used to seal or plug the well.  

3.4.3 Aquifers

An Aquifer is a geologic formation that contains sufficient saturated permeable material to yield 
significant quantities of water to a well. Aquifers can be divided into three main types as follows:

porous l�ke �n sand r�vers;
fractured l�ke �n crystall�ne bedrock; and
fractured/porous l�ke �n sed�mentary rocks, l�mestone, sandstones, etc.

E�ther porous or fractured systems may be dom�nant �n a g�ven area depend�ng on the local cond�t�ons 
preva�l�ng �n the area. An aqu�fer �s an underground layer of water-bear�ng permeable rock or 
unconsol�dated mater�als (gravel, sand, s�lt, or clay) from wh�ch groundwater can be usefully extracted 
us�ng well. Aqu�fers are typ�cally saturated reg�ons of the subsurface and can occur at var�ous depths. 
Aqu�fers can be porous l�ke �n sand r�vers, fractured l�ke �n crystall�ne bedrock or fractured and porous 
l�ke �n sed�mentary rocks for example l�mestone and sandstones. E�ther porous or fractured systems may 
be dom�nant �n a g�ven area depend�ng on the local cond�t�ons preva�l�ng �n the area.

Typically, aquifers are classified according to their boundary conditions including confined and unconfined 
aquifers. Unconfined aquifers also referred to as phreatic aquifers have their upper boundary is the water 
table or phreatic surface. Typically, the shallowest aquifer at a given location is unconfined, meaning 
it does not have a confining layer (an aquitard or aquiclude) between it and the surface. Unconfined 
aqu�fers usually rece�ve recharge water d�rectly from the surface, from prec�p�tat�on or from a body of 
surface water (e.g., a r�ver, stream, or lake) wh�ch �s �n hydraul�c connect�on w�th �t. 

Confined aquifers have the water table above their upper boundary (an aquitard or aquiclude), and are 
typically found below unconfined aquifers. The water here completely fills an aquifer that is overlain by 
a confining bed and the water in this aquifer is said to be confined. These aquifers are sometimes referred 
to as artes�an aqu�fers.There are a number of bas�c hydrogeolog�cal d�fferences between porous aqu�fersThere are a number of bas�c hydrogeolog�cal d�fferences between porous aqu�fers 
and fractured aqu�fers as outl�ned �n Table 3-5.

Table 3‑5: Differences Between Porous and Fractured Aquifers

Porous Aquifers Fractured Aquifers
Normally hor�zontal bod�es Normally vert�cal or sub vert�cal features
H�gh storage capac�t�es Low storage capac�t�es

H�gh reg�onal ground water “transport 
capac�ty” Low reg�onal “groundwater transport” Capac�ty

3.4.4 Estimation of Potential and Natural Recharge

D�fferent methods for measur�ng natural recharge ex�st and a few of them �nclude:

Phys�cal methods – they rely on phys�cal measurements of hydrolog�cal parameters or of aqu�fer 
and so�l phys�cal parameters. Phys�cal methods can both D�rect and Ind�rect phys�cal methods. 
These methods are �nexpens�ve and qu�ck but have drawbacks because small phys�cal changes �n 
some parameters are undetectable by phys�cal methods, several measurements are requ�red for 
some s�tes due to var�at�ons �n topography, so�ls and vegetat�on and extreme temporal var�ab�l�ty 
�n ar�d areas w�ll requ�re long t�me ser�es to measure the mean annual recharge;
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Methods based on saturated and unsaturated zones;
Chem�cal and Isotop�c methods;
Methods based on analysis of inflow, outflow and aquifer response; and
Methods based on the modeling of ground water flow, soil water flow or plotting of the 
hydrological balance at the field or watershed scales.

The methods ava�lable for the est�mat�on of ground water recharge d�rectly from prec�p�tat�on can be 
broadly divided into three-inflow, aquifer response and outflow methods according to studies conducted 
by Kumar C.P, �977. The follow�ng methods are commonly �n use for est�mat�ng natural ground water 
recharge as presented by Sath�sh Chandra, �979.

So�l water balance method 
Zero flux plane method 
One-dimensional soil water flow model 
Inverse modell�ng techn�que 
Ground water level fluctuation method 
Hybrid water fluctuation method 
Ground water balance method
Isotope and solute profile techniques

For deta�led est�mat�on of potent�al and natural recharge, the user could rev�ew these stud�es.

3.5 Sub-Surface Sources

3.5.1 General

In seasonal r�vers, �t �s often poss�ble to abstract water from the r�ver bed dur�ng the dry season �f a 
su�table structure �s bu�lt across the r�ver bed under the surface to �mpound the sub-surface flow. The 
water is then collected through infiltration galleries constructed upstream of the sub-surface dam. A 
typical infiltration gallery is illustrated in Figure 3-5.

3.5.2 Water Abstraction

R�ver beds can somet�mes store cons�derable amounts of water wh�ch can be extracted dur�ng the dry 
seasons. The r�ver beds are then recharged dur�ng the ra�ny seasons. The quant�ty of water ava�lable 
in river beds can be estimated using the specific yield of the different aquifer materials as explained 
elsewhere �n th�s manual. The geometry and hydraul�c propert�es of a r�ver bed should be carefully 
�nvest�gated before accurate est�mat�ons of the ava�lable water can be done.

It is sometimes possible to find a natural barrier in form of a rock outcrop or impervious material under 
the r�ver bed. Large amounts of water can be found stored beh�nd such barr�ers. The total sub-surface 
water flow under a river bed can be estimated by use of Darcy�s law. Darcy�s Law is a relationship that 
explains fluid flow in porous media, such subsurface water flow. The Mathematical relationship which 
is used to describe the flow of ground water through an aquifer is known as the Ground water flow 
equation. The basic formula to calculate the flow rate, Q, is:

                                                 L
hhKAQ )( 21 

 

              Equation 3‑1
Where:

K is a permeability coefficient (describes the porosity of the underground formation), 
A �s the cross sect�onal area, 
h� �s the he�ght of the �nlet head, 
h� �s the he�ght of the outlet head, and 
L is the path length of the flow. 

In practice, not more than 75% of the sub-surface flow can be impounded by a subsurface structure.
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3.5.3 Artificial Recharge

3.5.3.1 General

Under su�table cond�t�ons, �t �s poss�ble to supplement the natural recharge of an aqu�fer and thus add to 
its safe yield capacity. This is called artificial recharge. Artificial recharge entails measures to feed water 
from surface sources such as r�vers and lakes �nto the aqu�fer, e�ther d�rectly or by spread�ng the water 
over the infiltration area and allowing it to percolate downward into the aquifer. Apart from adding to 
the yield of the aquifer, artificial recharge also provides purification of the infiltrated water. Artificial 
recharge should be cons�dered �n cases where so�l cond�t�ons are su�table, and where the qual�ty of the 
original water source is unacceptable and/or where the quantity is insufficient. In most cases, groundwater 
�s recharged w�th surface water. Occas�onally, h�gh y�eld, poor qual�ty groundwater sources are used to 
supplement low y�eld, h�gh qual�ty groundwater sources.

Ground waters are usually super�or to surface waters �n terms of bacter�olog�cal, phys�cal and chem�cal 
quality. Where groundwater yields are inadequate, the feasibility of supplementing them by artificial 
recharge from adjacent surface water sources should be �nvest�gated. Spread�ng and well recharge are 
common methods of artificial recharge.

Figure 3‑4: A Typical Infiltration Gallery.
Source: www.unep.or.jp [accessed on February 24, 2012]

3.5.3.2 Spreading Methods 

The most favourable hydrogeolog�cal cond�t�ons for water spread�ng are where shallow aqu�fers and 
permeable so�ls wh�ch ex�st �n areas w�th quaternary sed�mentary rocks (unconsol�dated sed�ments). 
However, favourable cond�t�ons may also ex�st �n parts of the other geolog�cal areas, depend�ng on local 
cond�t�ons. 
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3.5.3.3 Well Recharge 

The most favourable hydrogeolog�cal cond�t�ons for well recharge are where deep permeable aqu�fers 
and less permeable so�ls ex�st �n areas w�th sed�mentary or volcan�c rocks.

3.5.3.4 Bank Infiltration

Bank infiltration is one of the principal methods of artificial recharge of aquifers. It involves the 
construction of galleries or lines of wells parallel to the shoreline of a river or lake, at a sufficient 
distance as illustrated in the figure below.

In the original situation, the outflow of groundwater feeds the flow of the river or lake. The withdrawal 
of groundwater at h�gh abstract�on rates w�ll lower the groundwater table near the shorel�ne below the 
water level �n the r�ver. In th�s s�tuat�on, the abstracted water w�ll, for the most part, be �nduced recharge, 
that �s water or�g�nat�ng from the r�ver.

In order to provide for sufficient time for the purification of the water during its flow from the river or 
lake to the gallery or l�ne of wells, the d�stance X should not be less than �0 m and preferably more than 
50 m. However, often �t may not be pract�cable to place the recovery po�nt so far away from the stream 
or lake because of the local ground cond�t�ons. In th�s case, prov�s�ons should be made for d�s�nfect�ng 
the water.

Figure 3‑5: Bank Infiltration

The most favourable conditions for bank infiltration are where shallow aquifers and permeable soils 
exist in areas with quaternary sedimentary rocks (unconsolidated sediments). The identified area should 
be combined with a map on surface water availability to determine areas where bank infiltration is really 
feasible. As a result the total area suitable for bank infiltration will be smaller.

3.5.3.5 Storage Dams

The most favourable hydrogeolog�cal cond�t�ons for sand storage dams ex�st �n areas w�th shallow 
aqu�fers and permeable so�ls, wh�ch are generally found �n areas w�th quaternary sed�mentary rocks 
(unconsol�dated sed�ments). However sand dams may also be feas�ble �n small r�ver valleys �n other 
geolog�cal areas w�th a th�n alluv�al or weathered zone, wh�ch are too small to be represented on the 
geolog�cal map.
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The two techniques with the largest suitable area are water spreading and sand dams. The identified areas 
correspond w�th gently slop�ng areas w�th med�um to coarse so�ls and ar�d to dry cl�mat�c cond�t�ons. 
These are found �n the savannah areas south of the Sahara and �n eastern and southern Afr�ca. Table 3-6 
is a section from a table of a summary of artificial recharge methods and their applicability in different 
countr�es.

Table 3‑6: Applicability of Different Artificial Recharge Methods

Country
Area (Km2) % Area

Total Water 
Spread

Well 
Recharge

Bank 
Infiltration

Sand
Dam

Water 
Spread

Well 
Recharge

Bank 
Infiltration

Sand 
Dam

Uganda �67,60� 38,8�3 - ���,86� 69,4�7 �5% - 46% �6%

Source: MARS Global Opportunities, 2004.

3.5.4 Artificial Aquifers

Artificial aquifers should be designed for a retention time of water underground of 60 days. 
For shorter retention periods, disinfection of the water will be necessary.
Typical specific yields or storage capacities of different aquifer materials are as shown in Table 3-7. 
It must be apprec�ated that large var�at�ons �n the g�ven values are to be expected and that careful 
investigations will be required to determine actual specific yields values accurately.

Table 3‑7: Specific Yields of Different Aquifer Materials

Material Specific Yield (%)
Gravel, coarse ��
Gravel, med�um �4
Gravel, fine �8
Sand, coarse 30
Sand, med�um 3�
Sand, fine 33
S�lt �0
Clay 6
Sandstone, fine grained ��
Sandstone, med�um gra�ned �7
L�mestone �4
Dune sand 38
Loess �8
Peat 44
Sch�st �6
S�ltstone ��

Source: www.aqtesolv.com/forum/properties [accessed on March 05, 2012]
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3.5.5 Sand Dams

A sand dam �s a re�nforced concrete wall bu�lt �n a seasonal r�verbed to capture and store water beneath 
the sand. The captured water is filtered and protected by the sand and the dam. Seasonal rains quickly 
fill the dam with water and soil which is made up of both sand and silt. The heavier sand sinks and 
bu�lds up beh�nd the dam wh�le the l�ghter s�lt washes downstream. The sand accumulates beh�nd the 
dam unt�l the dam �s completely full of sand up to the sp�llway. Water �s stored w�th�n the sand mak�ng 
up �5 – 40% of the total volume. The actual volume depends on the sand part�cle s�ze and the s�ze of the 
dam. Water from sand dams can be abstracted by scooping holes, pipe filtration or shallow wells with 
pumps. Because the water �s stored below the sand, evaporat�on �s reduced. F�gure 3-7 shows a typ�cal 
sand dam construct�on.

Figure 3-6: A Sand Dam.
Source: Water Aid, 2000.

3.6  Rainwater Harvesting

3.6.1 Rainfall Data

Ra�nwater harvest�ng enta�ls the ut�l�zat�on of ra�n fall�ng on house roofs, natural ground, roads, yards 
or other spec�ally prepared catchment areas. Ra�nfall over Uganda var�es qu�te cons�derably, between 
d�fferent seasons and between d�fferent parts of the country. F�gure 3-� g�ves average annual ra�nfall 
�n Uganda and can be used to est�mate ra�nwater for a g�ven area. Add�t�onal relevant �nformat�on of 
Ra�nfall d�str�but�on �n Uganda �s g�ven �n Append�x 3D. Th�s �nformat�on can be used to make rough 
est�mates of the ra�nwater ava�lable �n any area of the country. For more accurate computat�ons however, 
specific rainfall data for the area in question should be obtained. This specific data can be obtained from 
the Meteorology department or from ra�n gauge stat�ons around the country. A l�st of some of the ra�n 
gauge stat�ons �s �n Append�x 3E. The annual ra�nfall at a 90% probab�l�ty level should be regarded as 
the “dependable ra�nfall” for purposes of ra�nwater harvest�ng for domest�c use.

3.6.2 Runoff Coefficients

Rain falling on the ground produces surface runoff whose quantity depends on the runoff coefficient 
of the area. The runoff coefficient varies with topography, land use, vegetation cover, soil type and 
moisture content of the soil. In selecting run off coefficients the future characteristics of the water 
shed are cons�dered. If land use var�es w�th�n a water shed cons�der the segments �nd�v�dually and use 
a weighted coefficient value to determine the total runoff for the watershed. The run-off coefficients 
�n Table 3-8 should be used to est�mate the proport�on of ra�nfall wh�ch can be harvested as surface 
runoff.
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Table 3‑8: Runoff Coefficients Applicable to Different Surfaces

Surface Type Run‑Off Coefficient
Roof t�les, corrugated sheets, b�tumen, plast�c sheets 0.8
Br�ck pavement 0.6
Compacted so�l 0.5
Uncovered Surface, flat terrain 0.3
Uncovered surface, slope 0-5% 0.4
Uncovered surface, slope 5-�0% 0.5

Uncovered surface, slope > �0% >0.5
3.6.3 Determining Surface Runoff

3.6.3.1 Introduction 

The Rat�onal Method �s w�dely used to determ�ne surface runoff for small s�ze catchment (Catchments 
of s�ze < �5 km�). The rat�onal method �s based on the assumpt�on that a constant ra�nfall �ntens�ty �s 
spread over an area and the effect�ve ra�nfall fall�ng on the most remote parts of the bas�n take a certa�n 
per�od of t�me known as the t�me of concentrat�on ) to arr�ve at the bas�n outlet. The relat�onsh�p for 
peak runoff rates �s g�ven by:

        

T =ADC A i(T,tc) CjAj
j

 
	Equation 3‑2

Source: W. Bauwens �0�0, Surface water Hydrology, Department of Hydrology and Hydraul�c 
Eng�neer�ng Faculty of Appl�ed Sc�ences, Free Un�vers�ty Brussels

Where Q (T) is peak flow rate with return period T, ADC(A) is areal rainfall distribution coefficient(-
), i(T,tc) is rainfall intensity with return period T and duration equal to the concentration time tc, Cj is 
runoff coefficient for the area j (-) and  is the surface of area j (m2). The assumptions considered in 
the application of this formula are that rainfall-runoff process is a linear process, return period of the 
runoff is equal to the return period of the rainfall and dynamic behaviour of the flow and the storage are 
neglected. To satisfy these assumptions therefore, the considered area should be small (less than 25 km2) 
and homogeneous with free outflow conditions with no backwater, no hydraulic structures, no storage 
reservoirs and no pumping stations.

The areal rainfall distribution coefficient ADC(A) is a correction factor used to account for decrease 
in total precipitation with respect to the areal extent. A return period is a time interval between rainfall 
events of certain intensity or size. Concentration time tc is the time for a drop of water to flow from 
the remotest point in the watershed to the point of interest (Chow 1998). The dimensionless runoff 
coefficient is that part of rainfall that contributes to surface runoff. For design purposes to impervious 
areas when simplified design methods are employed, a value of 0.8 is used (Berlamont 2005).

3.6.3.2 Procedure for Using Rational Method

Determ�ne the watershed area;
Determ�ne the t�me of concentrat�on, cons�der�ng the future character�st�cs of the water shed. 
The commonly used equat�on to calculate t�me of concentrat�on �s K�rp�ch’s or other formula; 
and
Calculate the cr�t�cal ra�nfall �ntens�ty that causes the ra�nfall to operate at a steady state. The 
duration of the storm must be at least the time of concentration otherwise the maximum flow 
would not be reached. 

�)
��)

���)
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3.6.3.3 Limitations of the Rational Formula

The rat�onal formula makes the follow�ng assumpt�ons:

The pred�cted peak d�scharge has the same probab�l�ty of occurrence (return per�od) as the 
ra�nfall �ntens�ty (I); and
The run off coefficient (C) is constant during the rain storm and the recession time is equal to 
the t�me of r�se.

Alternat�ve methods of calculat�ng runoff for larger areas can be used such as the use of Intens�ty 
D�str�but�on curves to est�mate the runoff of a reg�on. 

3.6.4 Collection Tanks

3.6.4.1 Introduction

The requ�red capac�ty of the harvested ra�nwater collect�on tank should be determ�ned us�ng the ava�lable 
ra�nfall pattern data for the area concerned. Trad�t�onal methods of ra�nwater harvest�ng are st�ll used at 
household level �n Uganda espec�ally �n rural areas where grass-thatched huts are st�ll common. These 
�nclude the use of clay pots, saucepans and other conta�ners to trap ra�n w�thout a system of conveyance 
or an attempt �s made at creat�ng one. Some �mproved technolog�es used for harvest�ng ra�nwater water 
�n households are presented below.

3.6.4.2 Rainwater Jar (Ferro cement Jar)

Th�s �s a low cost technology for rural commun�t�es w�th d�stant and �nadequate water sources. They are 
normally constructed w�th a capac�ty of 400-�500 l�ters and wh�ch �s meant to serve a household of s�x 
days or less. In Uganda the ma�n mater�al used for the�r construct�on �s Ferro cement.

3.6.4.3 Ferro Cement Tank

Ferro cement tank prov�des a better solut�on for RWH than the “jar” but comes w�th a h�gher �n�t�al cost. 
These tanks are constructed w�th a pla�n or re�nforced concrete base, cyl�ndr�cal walls of Ferro cement 
and a roof of Ferro cement or m�ld steel sheet�ng. These tanks can be constructed for capac�t�es of as 
h�gh as 4,000 l�ters. F�gure 3-9 shows an example of a completed Ferro cement tank.

Ferro cement tanks require minimal maintenance and can last indefinitely if properly constructed. 
The tanks have the advantage that cracks �n the structure are arrested qu�ckly and are usually m�n�mal 
result�ng �n a water t�ght structure, Ferro cement has a h�gh tens�le strength of 35 MPa (Namaan, �000) 
and to some reasonable l�m�ts, and �t behaves l�ke a homogeneous elast�c mater�al. 

3.6.4.4 Partially Below the Ground Tanks (PBGs)

This is another type of Ferro cement tank in where the part of the tank is cast below the ground level. 
Instead of a tap, a hand pump is provided at the outlet. It has the advantages that it requires little or no 
space above the ground, it is generally cheaper due to lower material requirements and the surrounding 
ground gives support hence lower wall thickness.

3.6.4.5 Corrugated Galvanized Iron (GI) Tanks

GI tanks have been used for several years all over the world and are still a popular choice for water 
harvesting. They range from small drums to very large tanks used in arid areas of the world. In Uganda 
the commonly used tanks are manufactured locally by skilled artisans and are in varying sizes of capacity. 
Tanks can be delivered to site and installed quickly by a skilled person. The main disadvantage of these 
tanks is that they start to corrode after a short period of use, about two years.

�)
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Figure 3-7: A Ferro cement Jar.
Source: DTU, 2000

3.6.4.6 Brick/Block Tanks

These tanks are constructed us�ng locally obta�ned br�cks or blocks and are therefore cheap to construct. 
The mater�als for the br�cks and the br�cks themselves may be prepared locally so that money �s saved. 
Interlock�ng stab�l�zed so�l blocks may also be used however, a block mak�ng mach�ne w�ll be requ�red 
to prepare the stab�l�zed so�l blocks. Because rectangular br�cks are unsu�table for construct�on of a 
c�rcular tank, pre-tens�oned steel str�ps have to be �ncorporated �n the structure so that �t acts as a s�ngle 
un�t carry�ng the tens�le forces. 

Block/br�ck tanks can also be expens�ve as the amount of mortar �s determ�ned by the br�ck th�ckness. If 
the br�cks are th�ck, the demand for mortar w�ll be h�gher thus �ncreas�ng the cost of construct�on.

3.6.4.7 Sizing the Tanks

Supply Method - Th�s �s ma�nly used �n areas that have uneven ra�nfall d�str�but�on or low 
ra�nfall. More care �s taken �n s�z�ng the storage so that per�ods of scarc�ty are taken care of.
Demand S�de Approach - Th�s method uses the consumpt�on rates and occupancy to calculate 
the largest storage requirement. This method assumes sufficient rainfall and catchment area and 
�s therefore su�table for areas w�th such cond�t�ons.
Computer model - Several computer models ex�st that can be used to accurately est�mate the 
tank s�ze. One such model �s SIMTANKA, developed by an Ind�an organ�zat�on and �s ava�lable 
on the �nternet for free (http://homepage.mac.com/vsvyas/sc�ence.html#s�mtanka). The program 
calculates the tank storage us�ng a mathemat�cal model of the actual system. It uses ra�nfall data 
to estimate the fluctuations in rainfall. A monthly record of rainfall data for at least 15 years is 
requ�red for the model to work. If th�s data �s unava�lable, data s�m�lar to the area for wh�ch the 
system �s be�ng des�gned �s used. It also calculates the rel�ab�l�ty of the system based on the data 
prov�ded.
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Figure 3 8: Main Components of a Single Skin Reinforced Brick Tank
Source: DTU, University of Warwick, 2000
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Figure 3 9: Design of a Ferrocement Tank
Source: Water Aid: Technical Brief, 2008
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3.7  Roof Catchments

The prel�m�nary est�mate of the m�n�mum roof area requ�red to meet a g�ven total water demand by 
ra�nwater harvest�ng can be made us�ng a s�mple formula that uses the 90% probab�l�ty annual ra�nfall.

Figure 3 10: Section through a Typical Gutter

Source: Water A�d, Technology Notes, �007

3.8 Ground Catchments

T�les, corrugated �ron sheets, asphalt, br�ck pavements and rubber or plast�c sheets can be used to cover 
the ground to create ra�nwater harvest�ng catchment areas as shown �n F�gure 3-��.

Figure 3-11: Ground Catchment.
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3.9  Source Protection

3.9.1 Introduction

Source water protect�on refers to efforts to protect dr�nk�ng water sources by m�n�m�z�ng the degree of 
contam�nat�on of a water source through appl�cat�on of appropr�ate management pract�ces, the degree of 
treatment to ach�eve the des�red water qual�ty and safety requ�rements. Both surface and ground water 
sources requ�re source protect�on plans. 

Water sources are protected �n order to:

Prevent threats to publ�c health;
Avo�d extens�ve treatment and relocat�on costs; and
Protect the only ava�lable water sources.

The follow�ng steps are recommended �n �mplement�ng a source water protect�on plan:

Form a comm�ttee;
Del�neate the boundary – for surface water the area that contr�butes water to the surface water 
body must be delineated so that the potential contaminants are identified and managed. In 
del�neat�ng ground water sources the area that contr�butes water to the well must be protected so 
that the potential contaminants are identified and managed. The protected area is called the Well 
Head Protect�on Area (WHPA) and �s d�v�ded �nto smaller zones;
Assess the r�sks;
Form a protect�on management plan; and
Mon�tor �mplementat�on of the plan.

3.9.2 Zone Protection Concept

The zone protect�on concept works to ach�eve the follow�ng levels of protect�on:

The zone d�rectly adjacent to the s�te of the borehole and well to prevent rap�d �ngress of 
contam�nants or damage to the wellhead;
The Inner protect�on zone wh�ch �s based on the accepted t�me requ�red for pathogens to reduce 
to an acceptable level;
The outer protect�on zone, wh�ch a�ms to ach�eve an acceptable level of d�lut�on and attenuat�on 
of slowly degrad�ng substances. Another cons�derat�on �n del�neat�on of th�s zone �s the need to 
�mplement further �ntervent�ons for pers�stent contam�nants; and
The larger outer zone covers the whole dr�nk�ng water catchment area of an abstract�on po�nt. It 
�s created to prevent long term degradat�on of water qual�ty.

The process of zone protect�on ground water sources �nvolves del�neat�on of the boundar�es. The 
cons�derat�ons �n zon�ng ground water sources �nclude:

The d�stance of travel of the contam�nant from the d�scharge po�nt to the abstract�on po�nt;
The travel t�me – the max�mum t�me �t takes to reach the abstract�on po�nt;
The draw down - the extent to which pumping lowers the water table in an unconfined aquifer. 
This forms the zone of influence;
Ass�m�lat�ve capac�ty – th�s �s the degree to wh�ch the sub - surface may reduce the concentrat�on 
of the contam�nant; and
Flow boundar�es – demarcat�on of recharge areas.
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3.9.3 Protection Zones

3.9.3.1 Introduction 

To m�n�m�ze pollut�on and contam�nat�on of the sources explo�ted for water supply, �t �s recommended 
to establ�sh and ma�nta�n protect�on zones around each source. A source should not be s�ted �n areasA source should not be s�ted �n areas 
where the ground water �s l�kely to be contam�nated. As a rule, a well s�te should be uph�ll and at least 
50m from a point of contamination. The well site should not be subject to flooding at any other time. 
This will be of greatest concern where the source is in a low area or near a river that overflows its banks. 
However, The source maybe protected from flooding by building small dams or ditches. If not, another 
source should be cons�dered (Water for the World, Techn�cal note no. RWS.�.P.3). Two protect�on zone 
are recommended as d�scussed below..

3.9.3.2 Inner Protection Zone

The �nner protect�on zone should cover an area of at least 50 m rad�us around the source. Th�s area 
should be fenced off and �t should have a lockable gate. The follow�ng restr�ct�ons and precaut�ons 
should apply to th�s zone:

no p�t latr�nes , sept�c tanks, etc., to be allowed w�th�n;
no storage of fuels, o�ls etc., to be allowed w�th�n;
access of humans and an�mals to be str�ctly controlled �f at all perm�tted;
all surface water runoff to be d�rected away;
dense vegetat�on to be encouraged and ma�nta�ned; and
Local commun�t�es to be educated about the �mportance of th�s zone.

3.9.3.3 Outer Protection Zone

The outer protect�on zone should cover an area of about 300 m rad�us around the source. The follow�ng 
restr�ct�ons and precaut�ons should apply to th�s zone: 

no p�t latr�nes or sewage tanks to be allowed w�th�n;
no quarry�ng of rocks or so�l to be allowed w�th�n;
no petrol filling stations to be allowed within;
no large publ�c sol�d waste d�sposal fac�l�t�es to be allowed w�th�n; and
Local commun�t�es to be educated about the �mportance of th�s zone.

3.9.3.4  Approximate equations for protection zones around pumping installation

Exact calculations of flow paths and travel times are usually very difficult. These require powerful 
computer models and extensive field investigations. Approximate equations can be obtained for simple 
s�tuat�ons and homogeneous groundwater systems. F�gure 3 – �� l�sts some equat�ons for est�mat�ng the 
extent of protect�on zones around pump�ng �nstallat�ons, based on follow�ng assumpt�ons:

all groundwater flows are considered radial around individual wells, or uniform aroundbatteries 
of wells;
for travel t�mes �n the �nner zone, no recharge �s taken �nto cons�derat�on, all waterpumped 
comes from the groundwater layer, hav�ng a constant th�ckness and effect�veporos�ty;
the s�ze of the outer zone �s obta�ned by cons�der�ng an area such that the total recharge 
ratebecomes equal to the pumping, i.e. the total influence region.
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R: max�mum d�stance from one �nd�v�dual well or from the centre of a cluster of wells, or from the 
ax�s of a battery of wells [L]; Q: total pump�ng rate [L3/T]; t: travel t�me [T]; n: poros�ty [L3/L3]; D: 
th�ckness of the aqu�fer [L]; L: length of the battery; q: recharge rate [L/T].

Figure 3‑12 Approximate Equations for Protection Zones Around Pumping Installation
Source: F. De Smedt �007, Groundwater Hydrology, Department of Hydrology and Hydraul�c 
Eng�neer�ng Faculty of Appl�ed Sc�ences, Free Un�vers�ty Brussels

3.10 Water from the Mountains

Water from mounta�nous reg�ons that are normally un�nhab�ted by commun�t�es can be a useful source 
of water supply for commun�t�es that l�ve close to or away from the mounta�ns. Such water can be an 
opt�on to supplement other sources or as a supply to areas w�thout other sources. Ra�nfall on Mt. Elgon 
�s on average �,000 mm per annum. Th�s �s one of the h�ghest ra�nfall areas �n Uganda only next to the 
�slands of Lake V�ctor�a and the Rwenzor� Mounta�ns. 
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Table 3-9 Summary of Comparison of Methods of Water Sources

Method Quality Quantity Accessibility Reliability Cost

Groundwater 
(Springs and 
Seeps)

Good qual�ty; 
d�s�nfect�on 
recommended 
after 
�nstallat�on 
of spr�ng 
protect�on.

Good w�th 
l�ttle var�at�on 
for artes�an 
flow springs; 
var�able w�th 
seasonal 
fluctuations 
l�kely for 
gravity flow 
spr�ngs.

Storage 
necessary for 
commun�ty 
water supply; 
gravity flow 
del�very 
for easy 
commun�ty 
access

Good for 
artesian flow 
and grav�ty 
overflow; fair 
for grav�ty 
depress�on; 
l�ttle 
ma�ntenance 
needed after 
�nstallat�on.

Fa�rly low 
cost; w�th 
p�ped system 
costs w�ll 
r�se.

Ponds and 
Lakes

Fa�r to good 
�n large ponds 
and lakes; 
poor to fa�r 
�n smaller 
water bod�es; 
treatment 
generally 
necessary.

Good 
ava�lable 
quant�ty; 
decrease 
dur�ng dry 
season.

Very 
access�ble 
us�ng �ntakes; 
pump�ng 
requ�red 
for del�very 
system; 
storage 
requ�red.

Fa�r to 
good; need 
for a good 
program of 
operat�on and 
ma�ntenance 
for pump�ng 
and treatment 
systems.

Moderate to 
h�gh because 
of need to 
pump and 
treat water.

Streams and 
Rivers

Good for 
mounta�n 
streams; poor 
for streams 
�n lowland 
reg�ons; 
treatment 
necessary.

Moderate: 
seasonal 
var�at�on 
l�kely; some 
r�vers and 
streams w�ll 
dry up �n dry 
season.

Generally 
good; need 
�ntake 
for both 
gravity flow 
and p�ped 
del�very.

Ma�ntenance 
requ�red for 
both type 
systems; 
much h�gher 
for pumped 
system; 
r�vers�de 
well �s a 
good rel�able 
source.

Moderate 
to h�gh 
depend�ng 
on method; 
treatment 
and pump�ng 
expens�ve.

Rain 
Catchment

Fa�r to poor; 
d�s�nfect�on 
necessary

Moderate 
and var�able; 
suppl�es 
unava�lable 
dur�ng dry 
season; 
storage 
necessary.

Good; 
c�sterns 
located �n 
yards of 
users; fa�r 
for ground 
catchments.

Must be 
ra�n; some 
ma�ntenance 
requ�red.

Low-
moderate 
for roof 
catchments; 
h�gh for 
ground 
catchments.

Sources: Water for the World, Methods of Developing Sources of Surface Water. Technical Note No. 
RWS.1.M
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4.1 General

The purpose of a water supply �ntake �s to extract and del�ver water to the users. Therefore des�gn of 
water �ntakes requ�re a ser�es of hydraul�c des�gn cons�derat�on �n order to arr�ve at a des�rable concept 
that can obta�n and del�ver the water econom�cally w�th an acceptably low �mpact on the env�ronment. 
Due to var�ab�l�ty of s�te cond�t�ons, the challenge �s �n assess�ng water supply ava�lab�l�ty. The major 
factors that can affect the select�on of a concept and des�gn development for a water �ntake �nclude:

water ava�lab�l�ty;
Bathymetry;
sed�ment transport;
env�ronmental regulat�ons;
cl�mat�c cond�t�ons;
Constructab�l�ty;
�n�t�al and ma�ntenance requ�rements; and
operat�on and ma�ntenance.

4.2 Design Considerations

Of all the above factors, for des�gn purposes, water ava�lab�l�ty �s the most �mportant. The extract�on 
should be done �n a susta�nable manner w�thout creat�ng an env�ronmentally and phys�cally adverse 
effect on the water body. Therefore, deta�led hydrolog�c stud�es �nclud�ng analys�s of h�stor�c data must 
be performed. In areas where no h�stor�c data are ava�lable, ra�nfall data should be analyzed to determ�ne 
ra�nfall frequency. Hydrolog�c model�ng can be used to est�mate the runoff.

Locating and selecting the specific type of intake requires adequate knowledge of the bathymetric 
cond�t�on of the r�ver, estuary or sea bottom �n the v�c�n�ty of the �ntake. W�thout th�s �nformat�on, no 
specific intake concept can be selected. Making assumptions could lead to erroneous cost and schedule 
est�mates for the project.

Other �mportant factors to cons�der are any water w�thdrawal l�m�tat�ons as well as the feas�b�l�ty of 
dredg�ng and d�sposal of dredge spo�l. In some s�tuat�ons, water may be phys�cally ava�lable, however, 
because of water r�ghts, water requ�red for aquat�c hab�tats or waste ass�m�lat�on may not be legally 
ava�lable. In add�t�on, dredg�ng and d�sposal �n areas where there are endangered spec�es or contam�nated 
so�l, could be harmful to the env�ronment. These factors and others could affect the select�on of a des�red 
�ntake s�te and may affect the feas�b�l�ty of a project.

Construct�on, ma�ntenance and access are also �mportant factors to be cons�dered �n select�ng the �ntake 
location. Availability of access road, potential for local and riverine flooding and access to the intake 
equ�pment all year round should be cons�dered.

4.3 Design Concepts of Intake Structures

Exper�ence �n the des�gn and operat�on of var�ous water supply �ntakes �nd�cates that no s�ngle des�gn 
concept is suitable for all locations. Therefore, any intake design must be based on site specific 
information. This may not be possible at the planning phase of the project due to the absence of specific 
s�te data. Therefore, the des�gn parameters must be develop from the l�m�ted data that may be ava�lable, 
and develop programs for the field data collection and analysis for use in detailed design.

Lack of site specific information generally occurs in many parts of Uganda where no historic data, 
stud�es or maps are ava�lable to help �n the plann�ng and des�gn. The most pract�cal approach for work 
under these cond�t�ons �s to make a s�te v�s�t and obta�n aer�al photographs. An �mportant aspect of th�s 
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effort is the identification of site conditions especially erosion and deposition. Aerial photos can best be 
ut�l�zed �n assess�ng the presence of lake level changes and r�ver meanders. It can therefore be concluded 
that:

Locat�ng and des�gn�ng a water supply �ntake requ�res careful cons�derat�on of hydrolog�c, env�ronmental, 
geotechn�cal and econom�c factors.

Several types of �ntakes should be cons�dered to meet var�ous s�te cond�t�ons and operat�onal 
requ�rements;
Long term hydrolog�c data should be collected and analyzed to arr�ve at the most su�table and 
rel�able concept; and
Hydraulic analysis must be performed as an integral part of the intake design to provide flow 
free from object�onable cond�t�ons at the pumps. 

4.4 Ownership of the Intake

To safeguard the ownersh�p of the source, the follow�ng requ�rements should be met before a source �s 
accepted for water supply:

For the large towns and urban centers the s�te for the source works should be acqu�red by the 
Water Author�ty (WA), w�th a sale agreement and land t�tle �n the names of the Water Author�ty. 
No development may start w�thout the land, compr�s�ng all or most of the catchment, be�ng 
legally owned by the WA;
For the rural towns, a Commun�ty Letter of Agreement, s�gned by the landlord and the relevant 
commun�ty members, �s the m�n�mum acceptable ev�dence of ownersh�p. The landlord must 
acknowledge that the land w�ll perpetually belong to the government and that the operators of 
the water source w�ll have un�mpeded access to the water source at all t�mes;
The source locat�on shall be subjected to a soc�al and env�ronment �mpact assessment (SEIA) 
and shall be approved for development of the water source through the SEIA process. All 
the resettlement act�on plan (RAP) act�ons, �nclud�ng compensat�on of the landlords and 
the resettlement of the project affected commun�ty must be completed before the works can 
commence;
The s�te should not be located w�th�n a protected area such as a gazette forest reserve or Game 
Park s�nce access to th�s source may not be guaranteed. However, �f that �s the best of poss�ble 
sources, the WA shall obta�n wr�tten perm�ss�on from Uganda W�ldl�fe Author�ty (UWA), 
Nat�onal Forestry Author�ty (NFA) or the Wetlands D�v�s�on, grant�ng the WA access to the 
source at all t�mes and g�v�ng perpetual ownersh�p to the source area;
Where only part of the m�cro-catchment �s taken for the water source, the occupants w�th�n 
the rema�nder of the catchment must comm�t themselves, �n wr�t�ng, �n the Commun�ty Letter 
of Agreement, to ab�de by the san�tat�on and hyg�ene requ�rements to ensure that source �s not 
polluted. Requ�rements may �nclude not erect�ng p�t latr�nes, sept�c tanks or rubb�sh p�ts etc.; 
not to use certa�n farm�ng methods e.g. fert�l�zers and pest�c�des w�th�n the catchment and not to 
erect other structures or use that may �nterfere w�th the qual�ty of the source; and
The a�ms of the above requ�rements are to reduce to the m�n�mum d�sputes regard�ng ownersh�p 
of water source works, access thereto and to clearly define the roles and responsibilities of the 
landlord, the commun�ty and the Water Author�ty �n regard to the water source.

4.5 Strategic Considerations

Strateg�c cons�derat�ons are �mportant �n s�t�ng the r�ver and lake �ntakes. Damage or destruct�on of a 
water treatment plant may take several years to recover from, �f at all. Certa�n types of pollut�on may 
render the whole body of water permanently unsu�table for use.

�)

��)

���)

�)

��)

���)

�v)

v)

v�)



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 4‑3

For the large towns, �t �s �mportant to cons�der the poss�b�l�ty of the secur�ty of the water source, 
espec�ally �n relat�on to:

Poss�ble pollut�on e�ther from acc�dents or from mal�c�ous attacks;
Poss�ble damage to the �ntake and other structures, e�ther from acc�dents or from mal�c�ous 
attacks; and
The detect�on, el�m�nat�on or m�t�gat�on of the threats posed to the raw water, the �ntake and 
related �nfrastructure.

Consultations should be held with district or regional security officials and their considered advice must 
be taken into account in deciding the final location of the water intake.

4.6 River Intakes

4.6.1 Siting

A r�ver �ntake should, whenever pract�cable, be s�ted as follows:

on a r�ver hav�ng a forested catchment area;
on a level wh�ch allows the water to be suppl�ed by grav�ty;
upstream of populated and farm�ng areas;
upstream of br�dges, cattle water�ng, laundry wash�ng and sewerage outlet po�nts;
upstream of �ndustr�al s�tes or areas;
at a locat�on where the area �mmed�ately upstream of the �ntake �s not eas�ly access�ble to people 
and an�mals. Otherw�se, the �ntake should be fenced off;
where the ground is rocky or firm and does not get flooded;on the outside of a river bend; and
where the flow is adequate to cater for the “Ultimate” year water demand.

4.6.2 Protection of the Water Source

For water sources for both large towns and urban centres and the rural water suppl�es, the WA must 
a�m to acqu�re the ent�re m�cro-catchment area so as to reduce pollut�on to the water source. The whole 
m�cro-catchment should preferably be fenced and should be guarded as much as �s pract�cable. Storm 
water drains should be constructed along the boundary of the source works to reduce the inflows of 
storm water �nto the source area. Flood�ng can destroy the source works or br�ng �n debr�s and pollut�on 
to the area.

Where the convent�onal treatment plant requ�res the sett�ng up of staff hous�ng at the water works, the 
hous�ng must be m�n�mal w�th�n the m�cro-catchment area. Only essent�al staff should l�ve w�th�n the 
m�cro-catchment. D�sposal of excreta, sol�d waste, chem�cals, etc. must be done outs�de the m�cro-
catchment. Where storage of wastes �s done w�th�n the m�cro-catchment area, great care must be 
exerc�sed to reduce pollut�on of the groundwater and raw water.

4.6.3 Structures

For some water supply schemes, a we�r or dam may be requ�red to be constructed across the r�ver to 
impound water in a reservoir, so that the quantity and depth of water available for supply is sufficient 
even during seasons of low flow. For details on the design of weirs and dams, reference should be made 
to �nternat�onally recogn�ze standard des�gn handbooks.

The �ntake should be des�gned such that clogg�ng �s prevented, scour�ng avo�ded and the structure 
remains stable even under flood conditions. The intake draw-off should be perpendicular to the direction 
of flow of the river. The bottom of the intake should be positioned at least 1 m above the river bed, to 
prevent roll�ng stones from destroy�ng the �ntake screen.
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A special baffle may be needed to keep out debris and floating matter such as tree trunks and branches. 
To reduce the amount of silt and suspended material entering the intake, the water should flow into the 
�ntake at a veloc�ty not exceed�ng 0.� m/s. After the water has passed the �ntake screens, the veloc�ty 
should r�se to at least 0.5 m/s to prevent the settl�ng out of suspended matter. Th�s m�n�mum veloc�ty 
must be upheld �n �ntake chambers, canals and �ntake p�pes even dur�ng the �n�t�al phases of a scheme, 
when the water demand �s st�ll low.

There should be fac�l�t�es for the clos�ng off of the �ntake us�ng stop logs or other s�m�lar dev�ces. 
In relatively large rivers with variable water levels, a floating intake may be the viable alternative. 
Pump�ng �s usually requ�red at r�ver water �ntakes. If the d�fference between h�gh and low water levels 
�n the r�ver does not exceed 4 m, a suct�on pump placed on the r�ver bank may be used. Otherw�se, an 
arrangement such as that shown �n F�gure 4-� �s recommended, w�th a sump constructed �n the r�ver 
bank and infiltration drains laid under the river bed. The river water percolates down to the drains and 
flows by gravity in to the sump. In this process, the river water is filtered and the suspended material 
content �s also reduced.

As the lowest water level �n the sump �s l�kely to be too deep for a suct�on pump placed above-ground, 
the water �s usually abstracted us�ng a submers�ble or shaft dr�ven pump placed �n the sump.

Figure 4-1: River Bank Intake.

4.6.4 Intake Screens

The intake should be equipped with a coarse screen and a fine screen, both of which should be removable. 
The coarse screen should have an open spacing of 30-50 mm between the bars. The fine screen should 
have an open spac�ng of 5-�0 mm between the bars. The bars should be placed at an angle of 30° - 45° 
to the hor�zontal. It should be poss�ble to clean the screens us�ng a rake. Thus, the mesh type of screen �s 
not recommended. The screens should be designed with a maximum water flow velocity in the openings 
between the bars of 0.7 m/s, otherw�se soft, deformable matter w�ll be forced through.
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The head loss through the screen can be calculated us�ng K�rschmer’s formula�.  It �s good pract�ce to 
des�gn screens for a head loss of 0.5 - �.0 m. The �ntake should be equ�pped w�th a platform, handra�ls 
and equ�pment to l�ft the screens.

4.7 Lake Intakes

4.7.1 Siting

The �ntake should be s�ted 3 - 5 m below the water surface where the oxygen content of the water �s 
sufficiently high and the water relatively cool. However to avoid the entrance of silt, the intake should 
not be less than � m above the bottom of the lake. In lakes l�ke V�ctor�a w�th water �s �nfested w�th 
sch�stosom�as�s, the �ntake po�nt should be s�ted some d�stance away from the shorel�ne.

The lake �ntake should be located as far as poss�ble from sh�pp�ng lanes, �ndustr�es, or the delta or 
d�scharge po�nt for a large r�ver. R�ver deltas can often get polluted, espec�ally w�th suspended matter, 
pollut�on from factor�es or from human wastes or�g�nat�ng upstream. Sh�ps may carry hazardous mater�als 
and could run aground near the plant; they can also crash �nto the �ntake dur�ng storms.

Lake �ntakes should be located �n secluded areas that are secure from short term pollut�on such as storm 
water. Where the poss�b�l�ty of long term pollut�on of the raw water ex�sts, �solat�on of large bod�es of 
water (reservo�rs) us�ng mob�le gates should be cons�dered. The water �solated beh�nd the gates should 
be able to serve the requ�rements for the max�mum durat�on of the poss�ble pollut�on of the source, or 
unt�l another source �s found. The cost of such �nvestment should be cons�dered as a d�s�ncent�ve to 
locat�ng the lake �ntake �n areas that are prone to acc�dents or heavy pollut�on. Another d�s�ncent�ve �s 
the cumulative cost of treatment that may be reduced significantly with a well thought out location for 
the treatment plant.

Examples of lake - �ntake structures �nclude:

Var�able depth �ntake structures; and
Mult�-level water �ntake structures.

4.7.2 Design Details

The underwater p�pel�ne should be la�d at an even slope w�th no peaks where a�r pockets can be formed. 
The pipeline should be adequately flexible and anchored to prevent buoyancy especially when the 
p�pel�ne �s empty. The clean�ng of the �ntake screens should be cons�dered �n the des�gn. Where feas�ble, 
a connect�on should be made from the d�scharge p�pe to the underwater p�pe to make the backwash�ng 
of the intake pipe possible. In lakes like Victoria where water levels fluctuate considerably, the level of 
the intake should similarly be adjustable. Water should flow towards and into the intake at a velocity not 
exceed�ng 0.� m/s.

4.8 Boreholes

4.8.1 General

The des�gn and construct�on of water supply boreholes �n Uganda, has now become fa�rly standard�zed 
as follows:

a borehole is drilled with a final diameter of 150 - 300 mm by percussion or rotary/percussion 
methods;
a cas�ng �s �nstalled down to the un-weathered sol�d bedrock; and
�n unconsol�dated sed�ments, a cont�nuous slot, wedge or w�re screen �s �nstalled at the aqu�fer 
together w�th a gravel pack.

�Kirschmer�s formula is a general formula with several variations and simplifications. See FAO in Hydraul�c Formulas Used �n Des�gn�ng 
F�sh Farms for example.
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A sufficient diameter should be provided to allow pump installation above and below the water aquifer. 
The �ntake of a borehole pump should be set at least � m above the bottom of the borehole.

In all production boreholes, sufficient space should be provided for a separate 20 mm diameter access 
p�pe to accommodate water level mon�tor�ng equ�pment. Th�s w�ll also requ�re an extra hole to be 
prov�ded �n the well head. Spec�al precaut�ons must be taken aga�nst the r�sk of pollutants enter�ng the 
borehole through th�s extra hole.

4.8.2 Siting of Boreholes

The borehole s�t�ng methodology should be adjusted to the hydrogeolog�cal cond�t�ons and the local 
exper�ence and should be done by an exper�enced Hydro-geolog�st. It should �nclude the follow�ng 
steps:

Identification of fracture zone on aerial photographs, satellite images and maps;
Identification of fracture zones in the field using resistivity profiling; and
Electrical profiling.

Success rates us�ng the Prec�se Locat�on of Res�st�v�ty Anomaly (PLRA) method have been found h�gher 
than other methods; �t �s therefore the recommended method, espec�ally for areas of low groundwater 
potent�al. The chosen s�tes should be subjected to an env�ronment scop�ng or an env�ronment �mpact 
assessment as required under the National Environment Act. Failed boreholes should be filled in with 
selected sand and gravel and topped up w�th grout or g�ven other treatment to ensure that pollut�on does 
not enter �nto the aqu�fer through the borehole.

4.8.3 Borehole Types

4.8.3.1 General

There are two major types of boreholes commonly used �n Uganda namely “open unscreened boreholes” 
and “screened boreholes”.

4.8.3.2 Open Unscreened Boreholes

Open, unscreened boreholes: �n stable rock, w�th a cas�ng placed �n the over burden only. Open unscreened 
boreholes are normally constructed �n stable format�ons as shown �n F�gure 4-�. In hard bedrock, the 
boreholes normally pass through overburden wh�ch needs to be cased to prevent �t from collaps�ng �nto 
the borehole.

The casing must be installed at least 3 m into the firm bedrock and sealed by cement grouting. The 
boreholes should be drilled at least 6 m below the water bearing fractures, to allow sufficient space for 
a sed�mentat�on sump.

4.8.3.3 Screened Boreholes

Screened boreholes are constructed in unconsolidated sediments, soft or highly weathered bedrock, 
supported by a casing and a screen. Screened boreholes with gravel packs are used in unconsolidated 
formations such as sands and sandstones. A continuous slot, wedge or wire screen is installed at the 
aquifer as a support for the natural formation, together with a gravel pack. A plain casing is extended 
upwards to ground level. A typical screened borehole is shown in Figure 4‑3.
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Figure 4-2: Open Unscreened Borehole.

A screened borehole cons�sts of three ma�n components, namely the cas�ng, the screen and the sump. 
The sump should have a pla�n cas�ng of the same d�ameter as the screen and extend�ng at least 6 m below 
the screen.The gravel pack �s normally requ�red beh�nd the screen to prevent the sed�ment part�cles from 
the natural format�on from enter�ng the well.

The follow�ng cr�ter�a should be used for the des�gn of the gravel pack:

the th�ckness of the gravel pack to be 0.�0 m.
Dp = 5.0 x D60

Where:
Dp = D�ameter of gravel pack part�cles.
D60 = s�eve d�ameter through wh�ch 60% of the natural format�on mater�al can pass.

Gravel packs must cons�st of well-sorted, well-rounded, smooth and clean s�l�ceous mater�al.

•
•
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Figure 4-3: Screened Borehole.

4.8.4 Borehole Development

On complet�on of dr�ll�ng and after the screen, cas�ng and gravel pack have been �nstalled the borehole 
must be fully developed. During this procedure, fine particles are washed out of the natural formation 
and the gravel pack brought �nto the well and then pumped out. As a result, a well-graded gravel pack 
w�ll rema�n between the screen and the natural format�on. A more deta�led coverage of borehole capac�ty 
evaluat�on and development �s coverered elsewhere �n th�s manaul.

4.8.5 Borehole Development Techniques

Well development methods are based on establishing velocities of flow greater than those produced by 
the expected rate of pump�ng from the completed well. Ideally, th�s �s comb�ned w�th v�gorous reversal 
of flow (surging) to prevent sand grains from bridging against each other (Schreurs, 1989). Movement 
�n only one d�rect�on, as when pump�ng from the well, does not produce the proper development effect 
s�nce sand gra�ns can br�dge vo�ds around the screen. Ag�tat�on from pump�ng dur�ng normal pump 
use may cause these br�dges to break down over t�me and sand to be pumped. Th�s sand w�ll act l�ke 
sandpaper �n the pump cyl�nder and w�ll cause the cup leather to wear-out and the pump to fa�l w�th�n a 
few days or weeks.

The s�mplest but least effect�ve development method �s pump�ng a well at �-3 t�mes the des�gned 
discharge rate for a prolonged period. This does not really agitate the soil enough to create a real filter 
around the screen and �t tends to develop only a short sect�on of the length of screen (Anderson, �993). 
However, �t �s useful because �f the well can be pumped sand free at a h�gh rate, �t can be pumped sand 
free at a lower rate (Dr�scoll, �986). 

If the water level �s w�th�n 3 –5m of ground surface, �t �s poss�ble to use a mud pump as a suct�on pump 
to pump water from the well for � to 3 hours. However, do not pump the well cont�nuously, start-stop 
cycle pump�ng �s best for develop�ng a well. 
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If th�s �s not poss�ble, �nstall the bush pump and use a separate cyl�nder for the development process 
s�nce part�culate matter removed dur�ng development can cause an abnormally h�gh rate of wear on the 
pump resulting in early pump failure. Using a larger pump cylinder than planned for the final installation 
w�ll enhance the effect�veness of the well development. 

Backwash�ng�s alsoa relat�vely s�mple method of development wh�ch requ�res a water l�ft�ng dev�ce and 
a container in which water can be stored and then from which it will be allowed to flow easily back into 
the well. Water �s pumped to the surface unt�l the conta�ner �s full.It �s then rap�dly dumped back �nto the 
well. Repeat�ng th�s mot�on many t�mes can prov�de some development of the surround�ng water bear�ng 
format�on. It �s cruc�al that the water wh�ch �s pumped to surface be allowed to s�t unt�l the suspended 
mater�al has settled. The clear water should then be decanted �nto a second conta�ner and from there 
dumped back into the well. This will ensure that fine particulate is not inadvertently re-introduced into 
the well. If a gasket has not been attached to the top of the pump cyl�nder, �t may be poss�ble to comb�ne 
overpump�ng w�th backwash�ng by collect�ng water from the overpump�ng process, allow�ng �t to settle 
and then rap�dly pour�ng the decanted water back �nto the well. 

Surg�ng �s the most common method of well development. It �nvolves forcefully mov�ng water �nto and 
out of the well screen us�ng one of the follow�ng techn�ques: 

Compressed Air: Compressed a�r can be �njected �nto the well to l�ft the water; As �t reaches the 
top of the cas�ng, the a�r supply �s shut off, allow�ng the aerated water column to fall (process 
called “rawh�d�ng”). The a�r supply should be per�od�cally run w�thout stopp�ng to pump 
sed�ment from the well. Th�s equ�pment �s usually not ava�lable �n remote areas and often only 
opens a small port�on of the screen. 

Bailer: A ba�ler �s l�ke a length of p�pe w�th a one-way valve �n the bottom. The ba�ler �s lowered 
into the well until it fills with water and sediment. it is then pulled to the surface and emptied. 
Water from the aquifer will then flow towards the well and bring in more drilling fluid. A bailors 
up-and-down mot�on causes a surg�ng act�on wh�ch w�ll develop the area around the screen. The 
heav�er and w�der the ba�lor �s, the better �t w�ll funct�on because �t w�ll have more force to push 
water through the screen (Brush, �979). 

Surge Block: A surge block is a flat seal that closely fits the casing interior and is operated like 
a plunger beneath the water level. Because �t seals closely to the cas�ng, �t has a very d�rect 
pos�t�ve act�on on the movement �n the well (Brush, �979). Plac�ng a surge block on the end of 
Water tub�ng equ�pped w�th a one way valve has the advantage of the down stroke be�ng m�lder 
than the upstroke because some water passes up the tub�ng. Th�s �s advantageous because �t 
ensures that fines are not driven further into the formation and it helps to remove sediment which 
�s loosened by the surg�ng act�on. Th�s prevents the screen from becom�ng totally blocked w�th 
accumulated fines.
To effect�vely surge a well, apply an up and down mot�on, repeatedly ra�s�ng and dropp�ng the 
plunger � m. The plunger should drop rap�dly on the downstroke �n order that turb�d water w�ll 
be l�fted out of the connect�ng tub�ng. Wh�le the plunger can be forced down on each stroke, 
add�ng we�ght just above the surge block w�ll make �t eas�er to work for a longer per�od of 
t�me. 
Surg�ng should start above the screen to reduce the poss�b�l�ty of “sand-lock�ng” the surge 
block (Anderson, �993). In�t�al surg�ng should be w�th a long stroke and at a slow rate (�0 to 
�5 strokes per m�nute). after surg�ng above the screen, the hole should be cleaned and surg�ng 
started at the lower end of the screen, gradually work�ng upward unt�l the ent�re screen has been 
developed (Anderson, 1993). When the amount of fine material drawn into the well begins to 
decrease, the process should be repeated, beg�nn�ng at the bottom of the screen, but w�th a faster 
stroke (30 to 35 strokes per minute). The final surging should be as rapid as possible for as long 
as poss�ble unt�l the water com�ng out �s of acceptable qual�ty. 
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4.9 Spring Intakes

A spr�ng chosen for water supply should be enclosed �n a structure (for san�tary protect�on to prevent 
the contam�nat�on of the water) from wh�ch a p�pe leads down convey�ng the water to the po�nt of 
del�very. 

Figure 4-4A Typical Structure Used for Tapping Springs

Springs in granular ground formations can be tapped using infiltration drains consisting of pipes with 
open jo�nts, placed �n a gravel pack. To protect the spr�ng, �t �s necessary to d�g �nto the h�lls�de so that a 
sufficient depth of the aquifer is tapped even when the groundwater table is low. The infiltration drains 
should be la�d deep such that the saturated ground above them acts as a storage reservo�r compensat�ng 
for the fluctuations in the groundwater table. The water collected by the drains discharges into a storage 
chamber (“spr�ng box”).

As can be seen above, the construct�on mater�als for spr�ngs �nclude concrete masonry and geolog�cally 
hardened abras�on res�stant stones. Th�s mater�al �s corros�ve res�stant and has m�n�mal effect on water 
qual�ty. The dra�n system and storage chamber should be so des�gned and constructed as to prevent 
pollut�on and contam�nat�on of the collected water. Thus, the top of the dra�n gravel pack should be at 
least 3 m below ground surface. The storage chamber should be fitted with a lockable manhole cover 
for access for cleaning and maintenance work. Air vents, overflow pipes and clean-out drains must have 
screened open�ngs.The spr�ng s�te should be fenced off and upstream, a cut-off dra�nage d�tch �s requ�red 
to d�vert surface water runoff away from the storage chamber. 

4.10 Roof Catchments

4.10.1 General

Deta�ls regard�ng the quant�t�es of ra�nwater ava�lable for harvest�ng, the requ�red roof areas and the 
capac�t�es of storage tanks are conta�ned �n Chapter 3 – “Water Sources”.
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4.10.2 Roofs

Ra�nwater can be collected from house roofs made of t�les, slates, corrugated galvan�zed �ron or 
alum�n�um sheets. Thatched and asbestos cement roofs are not su�table because of the health hazards 
assoc�ated w�th them.

4.10.3 Roof Guttering

Roof gutter�ng should slope evenly towards the downp�pe to prevent the format�on of pools where 
mosqu�toes can breed. New houses should be carefully planned such that the length of gutter�ng and 
p�pes �s as short as poss�ble, and water can be tapped by grav�ty.

4.10.4 Foul Flush

Dust, dead leaves and b�rd dropp�ngs w�ll accumulate on house roofs dur�ng the dry per�ods. Th�s d�rt w�ll 
be washed off the roofs by the first new rains. To prevent pollution there should be an arrangement for 
preventing the first rainwater from being collected in the rain water storage tank. This is accomplished 
by having a vessel that collects the foul flush before water starts overflowing into the rain water storage 
tank as shown in Figure 4-5. Volume sizing of the foul flush can be done using the rational method 
(equat�on 4-�) as g�ven below.

 Equation 4‑1

Where V is the volume of the foul flush, Q is discharge, T is the duration, C is runoff coefficient (as given 
in table 3-8), I is rainfall intensity and A is roof area. Allow for collection of the first 5 - 10 minutes ofAllow  for collection of the first 5 - 10 minutes of 
rainfall for clensing the roof surfaces. A foul flush vessel of 100 - 200 liters should be adequate for an 
ord�nary roof.

Figure 4-5: Foul Flush Arrangement for Roof Catchments.



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 4‑12

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

4.10.5 Rainwater Storage Tank

4.10.5.1  General

The requ�red capac�ty of the ra�nwater storage tank can be determ�ned as d�scussed �n Chapter 3 – “Water 
Sources”. The �nlet p�pe should be equ�pped w�th a s�eve or net mater�al to trap fore�gn matter. The tank 
should be covered to reduce contam�nat�on and evaporat�on losses.

The outlet pipe should be placed 0.2 m above the floor of the tank. The tank should have a scour or be 
constructed �n a manner wh�ch fac�l�tates clean�ng and removal of sed�ment. The tank should be well-
ra�sed to fac�l�tate tapp�ng. The tap area should be properly dra�ned and �t should also have a concrete 
apron to keep �t dry and clean.

4.10.5.2 Plastic Storage Tanks

Plast�c storage tanks have become the dom�nant type of tank; however, the major weakness �s the 
durab�l�ty of the tapp�ng. If the tapp�ng breaks off, the whole tank �s rendered non-funct�onal s�nce �t 
cannot retain water. Tanks should therefore be reinforced with gusset plates of sufficient dimension to 
ensure that the point of attachment is sufficiently strong; ensure that the gusset plates can be removed 
and replaced �rrespect�ve of the cond�t�on of the tapp�ng hole.

Figure 4-6: Gusset Plate Reinforcement of Tap Attachment to a Plastic Storage Tank.

4.10.5.3 Ferro Cement Water Tanks

Ferro cement water storage tanks are a low cost solut�on to storage of ra�nwater and are �ncreas�ngly 
popular. Construct�on of Ferro cement tanks should be carefully planned, ensur�ng that the load and 
stresses do not exceed the strengths of the mater�als used. Resource mater�als �nclude, for example, the 
UNHCR document found at Large Ferro cement Water Tanks (Des�gn Parameters and Construct�on 
Deta�ls�). Ow�ng to the low cost of the tanks and the fact that they can be constructed w�th mostly locally 
ava�lable mater�als such as ch�cken w�re mesh, sand-cement mortar and w�th l�ttle techn�cal knowledge, 
they should be encouraged for rural water suppl�es and at the household level.

� It �s �mportant to note that the des�gn of Ferro cement water tanks �s not well developed. The des�gn and construct�on of these tanks should 
therefore be done by exper�enced art�sans. Several smaller tanks should be chosen over few large tanks to reduce the r�sk of catastroph�c 
fa�lure wh�ch may lead to water shortages for long per�ods.
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4.10.5.4 Corrugated Iron Water Tanks

Corrugated �ron water storage tanks are made of locally ava�lable mater�als. However, ow�ng to the low 
qual�ty of the corrugated �ron mater�als, such tanks should be used only at the household level. Most 
manufacture of these tanks �s done by local art�sans w�th l�ttle regard to the qual�ty of the �ron sheets and 
weld�ng sk�lls necessary, lead�ng to rust�ng and perforat�ons of the tanks.

Corrugated galvan�zed �ron tanks should be la�d on wooden supports placed on ra�sed concrete platforms, 
to ensure that the outer bottom surface �s kept dry and thereby reduc�ng the chances of corros�on 
occurr�ng.

4.10.5.5 Brick and Concrete Tanks

Br�ck or concrete tanks may be constructed underground, at ground level or elevated. Because of 
abundance of sk�lls for the construct�on of br�ck or concrete tanks, they are recommended for both 
urban and rural water suppl�es. Qual�ty control �s of paramount �mportance to ensure that the jo�nts are 
made leakage resistant and waterproofing is done for the walls and base. The choice of tanks to be used, 
espec�ally for rural water suppl�es depends on the cost of the mater�als ava�lable, construct�on sk�lls and 
durability of the final product.

4.10.6 Design

4.10.6.1 Introduction

For purposes of designing rainwater harvesting structures, 90% of the annual rainfall for the 
region can be considered as the dependable rainfall for domestic use. Specific rainfall data for 
particular locations should be obtained for individual cases. The following run-off coefficients 
should be used for calculating the fraction of rainfall that can be harvested using the rational 
method for pre design or IDF curves for detailed design.

4.10.6.2 Roof Catchment Sizing

The requ�red roof catchment area (A) �n m�to meet total water demand (D) �n l�tres/day g�ven dependable 
ra�nfall R �n mm can be calculated us�ng the formula below

 

 

 

 

 

 

 

 

 

  Equation 4‑2

4.10.6.3 Selection of Tank Size

The tank s�ze w�ll depend on majorly the total water demand (D) �n l�tres/day and the ra�nfall pattern of 
�nd�v�dual areas. The formula below can be used to est�mate the tank s�ze

 

 

 

 

 

 

 

 

 

   Equation 4‑3
Where T �s the longest dry spell �n months per average year and C �s tank capac�ty �n m3. The definition 
of a dry spell may be taken as less than 50mm of ra�nfall per month.

To ent�rely depend on ra�n water harvest�ng, a large catchment area and storage �s requ�red espec�ally 
where draught per�ods are long. The computat�on of the total water supply requ�rement �n l�tres per 
month can be calculated as 

 

 

 

 

 

 

 

 

 

   Equation 4‑4
Where N �s number of people to be suppl�ed abd C �s the per cap�ta da�ly consumpt�on (l/p/d). The 
common methods of determ�n�ng tank s�zes are further d�scussed below.
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4.10.6.4 Balance Method

Th�s method balances the y�eld, supply of water w�th the user or demand at the end of each month and 
calculates the storage left �n the tank. Th�s method can be used to determ�ne the m�n�mum tank s�ze to 
sat�sfy water use for a fam�ly. An �llustrat�on �s g�ven here below for a fam�ly of 6 �n Malera v�llage, 
Bukedea d�str�ct. Cons�der�ng that annual ra�nfall �s 567mm, roof Area 7�m�, a fam�ly of 6 persons and 
a water use of �4 l�tres/person/day.

Table 4-1: Balance Method

Month Rainfall 
R

Supply 
S

(RxA)
Demand

(D) S-D Cumulative
(S-D)

S(I)
(RxAxD) Sm

 (mm) (litres) (litres)
January �� �4�5.6 �604 -��78.4 -��78.4 �008.8 0
February 365 �365� �35� ��300 �0���.6 �8�4.4 �7
March 87 5637.6 �604 3033.6 �3�55.� �008.8 �7000
Apr�l 0 0 �5�0 -�5�0 �0635.� �944 �4396
May 35 ��68 �604 -336 �0�99.� �008.8 �43�9
June 58 3758.4 �5�0 ��38.4 ��537.6 �944 �5485
July 0 0 �604 -�604 �8933.6 �008.8 ��88�
August 0 0 �604 -�604 �63�9.6 �008.8 �0�77
September 0 0 �5�0 -�5�0 �3809.6 �944 7577
October 0 0 �604 -�604 ���05.6 �008.8 5�53
November 0 0 �5�0 -�5�0 8685.6 �944 �833
December 0 0 �604 -�604 608�.6 �008.8 ��3

The balance method formula for tank s�z�ng �s g�ven by

 

 

 

 

 

 

 

 

 

     Equation 4‑5

Where S� �s the stored water at the end of the prev�ous month and �s assumed never to be less than zero, 
I �s the product of monthly ra�nfall, roof area and loss factor.

4.10.6.5 Cumulative Supply and Demand

In this method, the supply, demand and the monthly cumulative values are calculated and the 
maximum difference determined. This difference is the optimum tank size as illustrated below.

Jul Aug Sep Oct Nov Dec

Cumulative Supply
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4.10.6.4 Balance Method

Th�s method balances the y�eld, supply of water w�th the user or demand at the end of each month and 
calculates the storage left �n the tank. Th�s method can be used to determ�ne the m�n�mum tank s�ze to 
sat�sfy water use for a fam�ly. An �llustrat�on �s g�ven here below for a fam�ly of 6 �n Malera v�llage, 
Bukedea d�str�ct. Cons�der�ng that annual ra�nfall �s 567mm, roof Area 7�m�, a fam�ly of 6 persons and 
a water use of �4 l�tres/person/day.

Table 4-1: Balance Method

Month Rainfall 
R

Supply 
S

(RxA)
Demand

(D) S-D Cumulative
(S-D)

S(I)
(RxAxD) Sm

 (mm) (litres) (litres)
January �� �4�5.6 �604 -��78.4 -��78.4 �008.8 0
February 365 �365� �35� ��300 �0���.6 �8�4.4 �7
March 87 5637.6 �604 3033.6 �3�55.� �008.8 �7000
Apr�l 0 0 �5�0 -�5�0 �0635.� �944 �4396
May 35 ��68 �604 -336 �0�99.� �008.8 �43�9
June 58 3758.4 �5�0 ��38.4 ��537.6 �944 �5485
July 0 0 �604 -�604 �8933.6 �008.8 ��88�
August 0 0 �604 -�604 �63�9.6 �008.8 �0�77
September 0 0 �5�0 -�5�0 �3809.6 �944 7577
October 0 0 �604 -�604 ���05.6 �008.8 5�53
November 0 0 �5�0 -�5�0 8685.6 �944 �833
December 0 0 �604 -�604 608�.6 �008.8 ��3

The balance method formula for tank s�z�ng �s g�ven by

 

 

 

 

 

 

 

 

 

     Equation 4‑5

Where S� �s the stored water at the end of the prev�ous month and �s assumed never to be less than zero, 
I �s the product of monthly ra�nfall, roof area and loss factor.

4.10.6.5 Cumulative Supply and Demand

In this method, the supply, demand and the monthly cumulative values are calculated and the 
maximum difference determined. This difference is the optimum tank size as illustrated below.

Jul Aug Sep Oct Nov Dec

Cumulative Supply

Figure 4-7: Cumulative supply and demand

The tank s�ze �s the opt�mum to collect the ra�nfall from a g�ven roof area and sat�sfy water use by the 
fam�ly. For compar�son when us�ng s�m�lar �nput data as for the balance method, the opt�mum tank s�ze 
�s �3,000 L�ters as seen �n column cumulat�ve (S-D) �n Table 4.�.

4.10.6.6 Dry Season Storage Method

This method requires identification of longest period during the year without rain like July 
– December totaling to 120 days in the case above. Then the daily water use for the 6 persons 
at a rate of 14 litres/day is calculated as

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
If the annual y�eld �s less than the dry season storage tank s�ze, then the tank w�ll have to be reduced to 
the value of the annual ra�nfall y�eld. The computat�on of tank s�ze g�ven annual ra�nfall of 567mm on a 
�5m� roof area and a collection efficiency of 90% is then calculated as:

0.567 x�5 x0.9 = 7.6m3

The tank s�ze w�ll have to be adjusted to 8m3

4.10.6.7 Collecting and Storing all the Rainfall

In th�s case, all the ra�n �s collected and stored only mak�ng �t ava�lable when there �s shortage. Th�s 
�mpl�es that the tank s�ze �s equal to the total supply of the year. For a g�ven annual ra�nfall of 567mm, 
roof area of 7�m� and collection efficiency of 90%.

Tank size=annual rainfall x roof area x collection efficiency
0.567 x 72 x 0.9=36m3

4.10.7 Conclusion

In general, the balance method allows for a m�n�mum tank s�ze to be determ�ned that would sat�sfy 
da�ly demand espec�ally �n cases of l�m�ted resources to bu�ld the tank. It �s therefore su�table for rural 
commun�t�es where ra�n water �s cons�dered as the only source of clean and safe water. The cumulat�ve 
supply/demand approach allows for the �deal tank s�ze to be est�mated where funds are not l�m�t�ng. 
Lastly, the dry days method is quick and easy but does not reflect rainfall patterns accurately. 

Regardless of the approach, �t �s �mportant to adhere to the follow�ng key po�nts for the management of 
a successful ra�nwater catchment system.
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Have gutters on the max�mum roof area
Ma�nta�n the gutters to collect the max�mum amount of ra�nfall
Use water econom�cally espec�ally towards the end of a dry season
Clean gutters and tanks regularly espec�ally after a dry spell to ensure that the water collected 
id of good quality. If funds allow, a foul flush system needs to be installed or use self-cleansing 
gutters 

4.11 Ground Catchments

4.11.1 Introduction

For ground catchments, the ground surface should be prepared �n such a way as to ensure relat�vely 
rapid flow of water to the point of collection and storage, in order to reduce evaporation and infiltration 
losses. The proport�on of ra�nfall that can be harvested us�ng ground catchments, ranges from about 30% 
for pervious, flat ground to over 90% for sloping ground covered with impervious materials. The speed 
of storm water enter�ng the ground catchment and the surface determ�nes the scour and therefore the 
s�lt load that enters the ground catchment. Care should be exerc�sed to ensure that the approaches to the 
tank are planted w�th appropr�ate grasses or l�ned so that there �s a reduced s�lt load at the tank. Deta�ls 
regard�ng the quant�t�es of ra�nwater ava�lable for harvest�ng and the requ�red ground catchment areas 
are presented �n Chapter 3 – “Water Sources”.

4.11.2 Dug Wells

4.11.2.1 Siting of Dug Wells

Dug wells are generally shallower than boreholes and w�ll therefore generally be s�ted �n areas w�th h�gh 
water tables. The locat�on should be carefully selected to ensure good potent�al for most of the year. The 
location selected should not be prone to flooding and pollution, especially by storm water from built up 
areas w�th�n the upper reaches of the m�cro-catchment. Cut off dra�ns should be constructed �f th�s �s 
feared. No p�t latr�ne or sept�c tank should be constructed upstream of the dug well.

To ensure long term good water qual�ty and quant�ty, �t �s essent�al to tackle the pollut�on problem through 
sens�t�zat�on of the commun�ty. The commun�ty should protect the catchment and avo�d pollut�ng �t.

4.11.2.2 Diameter and Depth

The d�ameter of a dug well should be at least �.� m, to allow two people to work together dur�ng the 
d�gg�ng exerc�se. A sl�ghtly smaller d�ameter may be used �f the d�gg�ng �s to be done by one person 
only. For a large commun�ty (of �00 people or more), a well d�ameter of �-3 m �s recommended.

Increas�ng the s�ze of the well further may not be cost-effect�ve, as the add�t�onal water y�eld so obta�ned 
may not be much. The well should be dug at least 3 m below the expected lowest water level.

4.11.2.3 Lining

Most dug wells need an �nner l�n�ng constructed of mater�als such as br�ck, stone, �n-s�tu concrete 
r�ngs or pre-cast concrete r�ngs. Generally, the eas�est and safest method of s�nk�ng a dug well �s to 
excavate from the �ns�de of precast concrete r�ngs. In very loose so�l, other methods such as hand-
dr�ll�ng (auger�ng) should be employed. In consol�dated ground, �nclud�ng rock format�ons, the well 
may stand unl�ned but the upper sect�on should always have a l�n�ng.

The sect�on of the well penetrat�ng the aqu�fer requ�res a l�n�ng w�th open�ngs or perforat�ons to allow 
groundwater to enter. However, in fine sand aquifers, the lining should not have openings or perforations, 
so that water enters only through the bottom of the well. The bottom of the well should be covered w�th 
graded gravel cons�st�ng of a �50 mm th�ck layer of gra�n s�zes � - � mm overla�n by a �50 mm layer 

�)
��)
���)
�v)
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of gra�n s�zes 4-8 mm and th�s should be topped by a �50 mm th�ck layer of gra�n s�zes �0 - 30 mm, to 
form a proper filter.

4.11.2.4 Protection

The upper part of the l�n�ng should be water-t�ght, to a depth of several meters below the lowest drawdown 
water level �n the well. The annular space between the well walls and the l�n�ng should be sealed w�th 
puddle clay or cement grout, from the ground surface to the top of the aqu�fer or to at least � m below 
the ground surface. The top of the l�n�ng should be extended to about 0.5 m above the ground surface 
level, to form a wall around the well. 

A concrete apron should be constructed on the ground surface, extend�ng about � m all around the well, 
and slop�ng outwards towards a dra�nage d�tch w�th a su�table outfall. The well top should be sealed 
w�th a water-t�ght slab. A manhole that can be t�ghtly and securely locked should be prov�ded for the 
�nspect�on and d�s�nfect�on of the water �n the well.

Figure 4-8: Construction Details of a Typical Dug Well

4.11.3  Infiltration Galleries

4.11.3.1 General

Infiltration galleries are horizontal ditches or drains for groundwater withdrawal, and they can be used 
in sand rivers, spring intakes and other types of groundwater abstraction works. A typical infiltration 
gallery �s �llustrated �n F�gure 4-9.
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4.11.3.2 Length

For an infiltration gallery of the drain type placed under the bed of a river, lake or channel to abstract a 
g�ven d�scharge of water for supply (see F�gure 4-9), the requ�red gallery length can be determ�ned us�ng 
the following simplified formula:

 
    Equation 4‑6

Where:
L = Length of the requ�red gallery, m
Q = Des�red d�scharge, m3/s
d = Vert�cal d�stance between the r�verbed and the center of screen, m
K = Permeability of the gravel backfill, m/s
H = Head of water act�ng on the center of the p�pe, m
B = Average width of the trench backfill with gravel.

The infiltration gallery should be placed as deep as is physically and economically feasible beneath the 
bed of the r�ver, lake or channel.

Figure 4‑9: Infiltration Gallery under River Bed.

4.11.3.3 Drain Pipes

Dra�n p�pes have pores, perforat�ons or open jo�nts to allow groundwater to enter. For the dra�n p�pes 
to be self-cleansing, they should be designed for a water flow velocity of 0.5 - 1.0 m/s. The average 
entrance veloc�ty of the water through the holes or slots �n the p�pe should not exceed 0.03 m/s.

The d�ameter of the holes or the w�dth of the slots �n the dra�n p�pe should normally be 3 - 4 t�mes the 
D60 of the gravel pack around the p�pe. The D60 �s the s�eve d�ameter through wh�ch 60% of the gravel 
pack mater�al can pass.
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4.11.4 Sand River Intakes

Water can be extracted from sand r�vers us�ng well po�nts, sunk �nto the r�ver bed. Well-po�nt systems are 
groups of closely spaced wells, usually connected to a common header p�pe or man�fold and pumped by 
suct�on l�ft. Commonly, small s�ze well po�nts, 50 mm �n d�ameter wh�ch r�ser p�pes are used as shown 
�n F�gure 4-�0. In th�s case, the well po�nt �s the well screen wh�le the r�ser p�pe �s the well cas�ng.

Figure 4-10: Well Point System
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5.1 General

The qual�ty of water suppl�ed �s an �mportant cons�derat�on for any water supply development. The 
raw water qual�ty must be determ�ned �n order to establ�sh whether the water can be suppl�ed �n �ts raw 
form or whether �t needs treatment. The level of treatment depends on the �ntended use of the water. 
The assessment of raw water qual�ty �s part�cularly �mportant because �t �s the result of the water qual�ty 
analys�s that gu�des the dec�s�on on the treatment method requ�red to treat the water to the set standards 
for �ts �ntended use. Water suppl�ed for domest�c use must meet the nat�onal water qual�ty standards for 
dr�nk�ng water before transm�ss�on and d�str�but�on to consumers. For Uganda the appl�cable standard �s 
US �0�: �008 Uganda Standard for Dr�nk�ng (Potable) water Second Ed�t�on publ�shed by the Uganda 
Nat�onal Bureau of Standards (UNBS) �n �008. For water qual�ty parameters where nat�onal standards 
do not ex�st, or outdated, WHO standards should be used.

A sat�sfactory water qual�ty result does not make the water source perpetually good for consumpt�on. 
Rout�ne water qual�ty mon�tor�ng �s �mportant as �t �nforms the water operator of the poss�b�l�ty of 
pollut�on of the water source or the water produced. 

The po�nts of water qual�ty cons�derat�ons �n the water supply �nclude:

The source;
The treatment; and
The d�str�but�on.

For the purpose of water qual�ty mon�tor�ng, sample taps are requ�red at the follow�ng:

As close to the source as pract�cal pr�or to any treatment; and
Before the entry �nto a d�str�but�on system but after the treatment. 

The m�n�mum �n�t�al water qual�ty test�ng may be dependent on a number of factors such as: locat�on of 
the water supply system, the water source type �.e. surface water or groundwater, suscept�b�l�ty of the 
water source to contam�nat�on process, water supply type, etc.

5.2 Guidelines and Regulations

It is common practice to assess potable water quality in relation to specific guidelines or standards. The 
formulat�on of such gu�del�nes requ�res cr�t�cal assessment of the propert�es of the var�ous const�tuents 
of water. 

The constituents are normally divided into five groups as follows:

Bacter�olog�cal (m�crob�olog�cal) parameters;
Chem�cal parameters d�rectly related to health;
Chem�cal parameters �nd�rectly related to health;
Phys�cal and chem�cal parameters related to aesthet�c and techn�cal effects; and
Phys�cal and chem�cal parameters affect�ng bu�ld�ng and p�pe mater�als.

The World Health Organ�zat�on (WHO) publ�shed the “Gu�del�nes for Internat�onal Standards of Dr�nk�ng 
Water” �n �984 (The gu�del�nes were rev�sed most recently �n �0��). The gu�del�nes are �ntended as 
a bas�s for establ�sh�ng local regulat�ons after tak�ng �nto cons�derat�on cl�mat�c, soc�al, cultural and 
econom�c and other local factors. The M�n�stry of Water and Env�ronment together w�th the UNBS have 
developed a Nat�onal standard for dr�nk�ng water wh�ch has to be compl�ed w�th for all suppl�es for 
domest�c water use. 
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The Uganda Standard US 201: 2008 specifies two classes of water:

Class I: Potable water ava�lable from convent�onal treatment processes such as chlor�nat�on, 
sedimentation, filtration and ozonation. The quality specifications for this water are comparable 
to current �nternat�onal standards for water qual�ty. Th�s water �s normally suppl�ed through 
p�ped systems to urban areas and small towns.
Class II: Potable untreated water ava�lable for consumers through po�nt water sources such as 
boreholes, springs, shallow wells, harvested rain water and gravity flow schemes. This class 
specifies a water quality range that may pose a risk to consumers depending on the concentration 
of the contaminant within the specified range and the possibility of monitoring its quality. 
Regular mon�tor�ng of qual�ty of th�s class �s essent�al.

In general, water qual�ty gu�del�nes should always be appl�ed w�th common sense, part�cularly for small 
commun�ty and rural water supply schemes where the cho�ces for sources and the opportun�t�es for 
treatment are l�m�ted. For small suppl�es wh�ch are frequently suppl�ed from �nd�v�dual wells, boreholes 
or spr�ngs, the water qual�ty cr�ter�a g�ven �n the gu�del�nes, may have to be relaxed. But �n all cases, 
everyth�ng poss�ble should be done to l�m�t the hazards of water contam�nat�on, us�ng relat�vely s�mple 
measures l�ke l�n�ng and cover�ng the water sources.

5.3 Basic Requirements

Accord�ng to the WHO gu�del�nes, the bas�c requ�rements for dr�nk�ng water are that �t should be:

Free from pathogen�c (d�sease caus�ng) organ�sms;
Free from compounds that have an adverse and acute or long term effect on human health;
Fa�rly clear (�.e. low turb�d�ty and l�ttle colour);
Fresh (not sal�ne or salty); 
Free from compounds that cause offens�ve taste or odour;
Incapable of caus�ng corros�on or encrustat�on of the water supply system; and
Incapable of sta�n�ng clothes washed �n �t.

5.4 General Water Quality Issues

5.4.1 Point Source Pollution

One of the forms of po�nt-source pollut�on results from the poor sewerage system coverage and lack 
of access to san�tat�on fac�l�t�es �n the country. Th�s results �n an �ncreased �nc�dence of pathogen�c 
contam�nat�on wh�ch leads to outbreaks of water borne d�seases such as Cholera and Dysentery. Another 
�ssue of �mportance �s the �ncreased level of nutr�ents and organ�c matter from urban and �ndustr�al po�nt 
sources. This causes an increase in the level of eutrophication and oxygen deficiencies. Measurements 
from major towns served by NWSC have shown that the establ�shed regulat�ons levels of BOD d�scharge 
are usually exceeded (WQMS, �006). The low oxygen levels harm aquat�c l�fe and some of the blue 
– green algae �s harmful to publ�c health due to �ts tox�c�ty.

Industr�al d�scharges �n the major towns �n Uganda are not closely mon�tored and these result �n dump�ng 
of poorly treated waste �nto r�vers. Major potent�al polluters are brewer�es, text�le �ndustr�es, food and 
sugar process�ng, metal �ndustr�es and leather tann�ng �ndustr�es. The act�v�t�es of these �ndustr�es and 
other sem� – cottage �ndustr�es could pollute the water sources �n the v�c�n�ty �f they lack proper waste 
treatment systems.

Effluent and runoff from mining activities in some areas like Kilembe is discharged with high levels of 
heavy metal content. Th�s affects the water qual�ty from surround�ng sources. The absence of r�ver and 
effluent monitoring data makes it impossible to observe the effects on the water quality yet this water 
at some po�nts may be fatal to both humans and b�o – d�vers�ty. Other act�v�t�es that may cause water 
qual�ty �ssues are petroleum explorat�on such as �n the Albert�ne reg�on.

•

•
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5.4.2 Non – Point Source Pollution

Waste water runoff from rural and urban areas may infiltrate into water sources and major water bodies 
and pose a r�sk of contam�nat�on. The water qual�ty �ssue w�ll be the r�sk of ep�dem�cs due to water borne 
d�seases. The unregulated use of agr�cultural chem�cals wh�ch leach �nto the so�ls and enter water sources 
presents another water qual�ty �ssue of concern. The compounds from these fert�l�zers (N�trates and 
Phosphates) aggravate eutroph�cat�on wh�ch further endangers aquat�c l�fe and publ�c health moreover 
data on water qual�ty around these s�tes �s not read�ly ava�lable. 

 Another factor of �mportance �s atmospher�c depos�t�on. Load est�mates under Lake V�ctor�a Env�ronment 
Management Project (LVEMP), show that atmospher�c depos�t�on �s a major contr�butor of nutr�ent 
pollut�on load (N�trogen, 67% and Phosphorus, 8�% of total load) �nto Lake V�ctor�a (WQMS, �006) 

5.4.3 The Relation Between Contamination and Water Quality

Water qual�ty �s affected by the degree of contam�nat�on from the source to �ts po�nt of consumpt�on. 
Contam�nants may be any phys�cal, chem�cal, rad�olog�cal or b�olog�cal substance or matter �n water. 
The water qual�ty �s determ�ned by analys�s of the ment�oned parameters �n the water �n compar�son to 
the allowable max�mum contam�nant level. The max�mum contam�nant level �s the perm�ss�ble level of 
contaminant delivered to the free flowing outlet of the ultimate user of the public water system except 
the turb�d�ty wh�ch �s measured at the po�nt of entry �nto the d�str�but�on system. 

Sources of water contamination include: - erosion of natural rock and soil formations, landfills, sewage, 
waste treatment fac�l�t�es, d�scharge from �ndustr�al processes, farmland and homes and yards. 

The follow�ng are the effects of contam�nants on water qual�ty:

Aesthet�c – unappeal�ng taste or odour and sta�n�ng;
Cosmet�c – unappeal�ng appearance;
Acute health effects – these occur w�th�n a short per�od of consumpt�on of the contam�nant say 
days or hours; and
Chron�c health effects - these take place after consum�ng the contam�nant for several years.

Water contam�nants to be noted �n water qual�ty cons�derat�on �nclude:

Microorganisms: not all microorganisms in water are harmful; however those that do will most 
likely cause acute health effects. They include protozoan parasites, algae, bacteria and viruses;
Radionuclides: some minerals are radioactive and may emit alpha or beta particles and photons. 
Contamination of water by radionuclides results from erosion of natural or manmade deposits 
such as uranium. Consumption of contaminated water results in chronic health effects such as 
cancer and kidney problems;
Inorganics: inorganic contaminants are mineral in origin and may occur from erosion of naturally 
occurring deposits, sewage, corrosion of pipes and plumbing and industrial wastes; and 
Organics: these are chemical compounds from carbon molecules. They may be natural or 
man – made such as synthetics. Common organics which may have potential health effects are 
herbicides and insecticides, runoff from landfills and industrial waste.

Other contam�nants are d�s�nfectants such as chlor�ne and chloram�nes and d�s�nfectant by-products l�ke 
bromate and chlor�te.

5.4.4 Water Related Hygiene Problems

Water related hygiene problems are varied but can be classified by their transmission routes (White, 
Bradley and Wh�te, �97�). 
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Water borne - �n wh�ch the d�sease caus�ng pathogen �s �ngested �n dr�nk�ng water (feaco – oral). 
They �nclude d�arrhoea, dysentery, typho�d and cholera;
Water washed – are favoured by �nadequate hyg�ene cond�t�ons and pract�ces and can be 
controlled by �mprovements �n hyg�ene. They normally man�fest as sk�n and eye �nfect�ons. 
Scab�es and Trachoma are some of the common water washed d�seases;
Water based – these are d�seases transm�tted by an aquat�c �nvertebrate host. Examples are 
gu�nea worm and Sch�stosom�as�s; and 
Water – related �nsect vector routes – they �nvolve an �nsect vector that breeds �n or near water. 
Some of the d�seases are dengue, malar�a and Trypanosom�as�s.

Water borne d�seases and water based d�seases can be prevented by �mprovements �n the water qual�ty 
and ava�lab�l�ty. Improvements �n water supply may reduce �nc�dences of water – based d�sease wh�le 
water related vector d�sease depends on the l�fecycle of the vector. Other reduct�ons �n the �nc�dences 
of water related hyg�ene problems can be effected by hand wash�ng w�th soap. F�gure 5-� shows the 
relat�on between d�fferent san�tat�on �ntervent�ons and morb�d�ty from selected d�seases.

Table 5-1 Potential Relation Between Water and Sanitation Interventions and Morbidity from 
Selected Diseases

Potential Relation between Water and Sanitation Interventions and Morbidity from Selected 
Diseases and Intervention

Improved 
Dr�nk�ng Water

Water For 
Domest�c Hyg�ene

Water For 
Personal Hyg�ene

Human Excreta 
D�sposal

Ascar�as�s + ++ - ++
D�arrhoeal 
D�seases + ++ ++ ++

Dracuncul�as�s 
(Gu�nea Worm 
D�sease)

++ - - -

Hookworm 
Infect�ons - - - -

Sch�stosom�as�s - ++ ++ ++

Trachoma - + ++ -

Source: Potential Relation between Water and Sanitation Interventions and Morbidity from Selected 
Diseases, UNICEF Report 1993

Notes:
++++ = �ncreas�ng pos�t�ve effect
o = no effect
- =negat�ve effect

5.5  Bacteriological Quality

5.5.1 General

Bacter�olog�cal qual�ty �s very essent�al and �t should be tested for before select�ng the water sources 
to be used �n a water supply scheme, and also at regular �ntervals dur�ng the operat�on of the scheme. 
In most cases water w�th a poor bacter�olog�cal qual�ty or whose bacter�olog�cal qual�ty deter�orates �s 
be�ng contam�nated by human or an�mal wastes. These wastes are dangerous as they are respons�ble for 
carr�age or hab�tat�on of pathogens. Bacter�olog�cal qual�ty should not be confused w�th aesthet�cally 
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pleas�ng water. Aesthet�cally pleasant waters may not necessar�ly meet bacter�olog�cal qual�ty standards. 
All water �rrespect�ve of how pleasant �t appears should be tested to ascerta�n �ts bacter�olog�cal qual�ty. 
H�gh bacter�olog�cal qual�ty standards are best ach�eved by select�ng a water source wh�ch �s not 
contam�nated or wh�ch �s located far away from sources of contam�nat�on.

5.5.2 Guidelines for Raw Water Treatment

Determ�nat�on of the bacter�olog�cal qual�ty of water �s done by use of �nd�cator organ�sms.                                   
Ind�cator organ�sms can be used for a range of purposes:

As indicators of faecal pollution in verification and surveillance monitoring;
As indicators of the effectiveness of treatment processes such as filtration or disinfection in 
val�dat�on; and
To show Integr�ty and cleanl�ness of d�str�but�on systems �n operat�onal mon�tor�ng.

The commonly used �nd�cator organ�sm �s the col�form bacter�a. Col�forms are bacter�a that are always 
present �n the d�gest�ve tracts of warm blooded an�mals, �nclud�ng humans, and are found �n the�r wastes. 
They can also be found �n plant and so�l mater�al. The most bas�c test for bacter�al contam�nat�on of a 
water supply �s the test for total col�form bacter�a. Total col�form counts g�ve a general �nd�cat�on of the 
san�tary cond�t�on of a water supply. D�fferent spec�es of col�form bacter�a ex�st and the�r presence �n 
water g�ves �nformat�on about the poss�ble or�g�n of contam�nat�on.

The procedures for determ�n�ng presence of E. coli include membrane filtration followed by incubation 
of the membranes on select�ve med�a at 44–45 °C and count�ng of colon�es after �4 hours. Alternat�ve 
methods �nclude most probable number (MPN) procedures us�ng tubes or m�cro t�tre plates and presence/
absence tests, some for volumes of water larger than �00 ml. F�eld test k�ts are ava�lable for prel�m�nary 
�nvest�gat�ons only. 

S�nce the presence of E. col� �s an �nd�cat�on of recent faecal contam�nat�on, further act�on should be 
taken on detect�on. Such act�ons may �nclude further sampl�ng, �nvest�gat�on of potent�al sources such 
as �nadequate treatment or breaches �n d�str�but�on system �ntegr�ty. W�th respect to the bacter�olog�cal 
qual�ty, the follow�ng types of m�croorgan�sms shall str�ctly be ensured to be absent �n dr�nk�ng water 
or bottled (conta�ner�sed) water; col�form �n �50 ml, E. col� �n �50 ml, Staphylococcus aureus �n �50 
ml, sulph�te reduc�ng anaerobes �n 50 ml, Streptococcus faecal�s, Sh�gella �n �50 ml, Pseudomonas 
aeruginosa fluorescence in 250 ml and Salmonella in 250 ml. For drinking and containerised water, the 
max of the total v�able counts at 37 °C per ml shall be �00 and �0 respect�vely.

Water qual�ty analys�s tests for determ�nat�on of bacter�olog�cal water qual�ty are to be carr�ed out by 
qualified water quality analysts. These tests can be carried out at the National Water Quality Analytical 
laborator�es of the MWE, Nat�onal Water and Sewerage Corporat�on Water Analyt�cal laborator�es, 
M�n�stry of Internal Affa�rs, Government Chem�st and at Un�vers�t�es w�th water Qual�ty Analyt�cal 
Laborator�es.

Establ�shed standard methods for analys�s of water and wastewater qual�ty such as those of ISO or other 
rel�able methods may be adopted for rout�ne exam�nat�ons.

The publ�cat�on “Standard Methods for the Exam�nat�on of Water and Wastewater” �7th Ed�t�on (�989), 
publ�shed by the Amer�can Publ�c Health Assoc�at�on (APHA), Amer�can Water Works Assoc�at�on 
(AWWA) and the Water Pollut�on Control Federat�on (WPCF) �s h�ghly recommended for water qual�ty 
analys�s. Dr�nk�ng water shall conform to the max�mum m�crob�olog�cal l�m�ts g�ven �n Table 5-� 

�)
��)

���)
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Table 5‑2 Guidelines for Treatment Required for Raw Water

Coliform Organisms 
(Number/ 100 ml) Treatment Required

0 - 50 Bacter�al qual�ty requ�r�ng d�s�nfect�on only

50 - 5000 Bacter�al qual�ty requ�r�ng full treatment (coagulat�on, 
flocculation, sedimentation, filtration and disinfection)

5000 - 50000 Heavy pollut�on requ�r�ng extens�ve treatment

Greater than 50000 Very heavy pollut�on unacceptable as source unless no 
alternat�ve ex�sts. Spec�al treatment requ�red

When more than 40% of the numbers of col�forms are found to be of the Faecal Col�form Group, the 
water source should be cons�dered to fall �nto the next h�gher category w�th respect to the treatment 
requ�red.

5.5.3 Guidelines for Distributed Water

Water �n the d�str�but�on system, whether treated or not, should not conta�n any organ�sms wh�ch may 
be of faecal origin. The absence of organisms of the coliform group, as defined in Table 5-2 should be 
cons�dered as a fa�rly rel�able �nd�cat�on of absence of pollut�on. The�r presence should be assumed to 
be due to faecal pollut�on unless the�r non-faecal or�g�n can be proved. The presence of E. col� �s an 
�nd�cat�on of recent faecal pollut�on and �t should prompt further �nvest�gat�on to determ�ne the�r source. 
However, water qual�ty can vary rap�dly, and all systems are at r�sk of occas�onal fa�lure. For example, 
ra�nfall can greatly �ncrease the levels of m�crob�al contam�nat�on �n source waters, and waterborne 
outbreaks often occur follow�ng ra�nfall. Results of analyt�cal test�ng must be �nterpreted tak�ng th�s �nto 
account. Chem�cal d�s�nfect�on of a dr�nk�ng-water supply that �s contam�nated by faecal matter w�ll 
reduce the overall r�sk of d�sease but may not necessar�ly render the supply safe (WHO Report, �0��).

If deficiencies in water quality are detected, remedial action has to be taken promptly. Such action may 
be temporary, l�ke spec�al campa�gns to promote the bo�l�ng of dr�nk�ng water �n homes, and/or long 
term measures for local�z�ng and el�m�nat�ng the source of contam�nat�on and �mprov�ng treatment.

5.6  Chemical Quality

5.6.1 Constituents of Health Significance

Max�mum l�m�ts for chem�cals �n water are der�ved from the health r�sks assoc�ated w�th consumpt�on of 
these chem�cal �f found �n water. Dr�nk�ng water should conform to the max�mum l�m�ts for chem�cals 
of health significance as indicated in Appendix 3. 

5.6.2 Chemical Parameters Indirectly Related to Health

Phosphorous and N�trogen compounds, such as N�tr�te and Ammon�um are �nd�rectly related to health. 
The two natural elements (also referred as nutr�ents) namely N�trogen (N) and Phosphorus (P) are 
essent�al for plant and an�mal growth, ma�ntenance and reproduct�on. Excess�ve N�trate (NO3) �n dr�nk�ng 
water can cause human and an�mal health problems, part�cularly for small bab�es. Excess N�trogen and 
Phosphorus �n surface waters and N�trogen �n groundwater cause eutroph�cat�on (excess�ve algal growth 
lead�ng to an algal bloom) �n surface waters and health problems �n humans and l�vestock as a result of 
h�gh �ntake of N�trogen �n �ts N�trate form.
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The effects of eutroph�cat�on on the env�ronment may have deleter�ous consequences for the health of 
exposed animal and human populations through various pathways. Specific health risks appear when 
fresh water, extracted from eutroph�c areas �s used for the product�on of dr�nk�ng water. Severe �mpacts 
can also occur dur�ng an�mal water�ng �n eutroph�c water. The gu�del�ne values g�ven �n Table 5-3 should 
not be exceeded �n dr�nk�ng water

Table 5-3: Chemical Parameters Indirectly Related to Health

Parameter Unit Guideline Value
N�tr�te, NO� mg/l �.0

Ammon�um, NH4 mg/l �.0

Phosphorus (as Phosphate, PO3) mg/l 0.5

5.6.3 Permissible Aesthetic Quality

Perm�ss�ble can be taken to mean the acceptable upper l�m�t wh�ch can st�ll render the usage of the water 
safe. Des�rable �s the planned (w�shful) l�m�t that �s worth ach�ev�ng the portab�l�ty of the water. Under 
c�rcumstances where �t �s not pract�cable to supply water of the “des�rable” aesthet�c qual�ty, �t may be 
perm�ss�ble to adopt the gu�del�ne values g�ven �n Table 5-4.

Table 5-4: Permissible Aesthetic Quality

PARAMETER UNIT GUIDELINE VALUE
Chlor�de mg/l 600
Colour TCU 50
Copper mg/l �.5
Iron mg/l �.0
Manganese mg/l 0.5
pH - 6.5-9.�
Sol�ds mg/l �500
Turb�d�ty NTU �5
Z�nc mg/l �5

5.6.4 Parameters Affecting Organoleptic and Physical Characteristics

Common const�tuents that �n concentrat�ons normally present �n water, do not affect health may however 
affect the aesthet�c qual�ty and phys�cal character�st�cs of the water. If these are present �n excess they 
may render the water not su�table for use, appearance and taste. The Uganda Standard US �0�: �008 
specifies the water requirements for these parameters. The quality of water should comply with the US 
�0�: �008 or WHO requ�rements �nd�cated �n Append�x 3). 

5.6.5 Constituents Affecting Building and Pipe Materials

5.6.5.1 Introduction 

Mater�als commonly used �n the construct�on of water supply schemes are cement products, steel, 
�ron and plast�c. Plast�c �s generally unaffected by water. In general, substances aggress�ve to the 
construct�on mater�als have to be removed from water or alternat�ve construct�on mater�als res�stant to 
the “aggress�v�ty” of water have to be used. In th�s regard �t should be apprec�ated that the aggress�ve 
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attacks can be from the �ns�de or the outs�de of the construct�on. For example, external “aggress�v�ty” 
can be caused by groundwater, swampy ground or hum�c ac�d so�ls, espec�ally peaty so�ls and those 
conta�n�ng Calc�um Sulphate. Corros�on caused by aggress�ve water, leads not only to the loss of p�pes 
and bu�ld�ng mater�als, but also to a reduct�on �n water qual�ty.

Carbon d�ox�de �s soluble �n water, �n wh�ch �t revers�bly converts to H�CO3 (carbon�c ac�d). The relat�ve 
concentrat�ons of CO�, H�CO3, HCO3

- (b�carbonate) and CO3
�- (carbonate) �ons depend on the pH of the 

water. In neutral or sl�ghtly alkal�ne water (pH > 6.5), the b�carbonate (HCO3
-) predom�nates becom�ng 

the most prevalent (> 95%). In very alkal�ne water (pH > �0.4), the predom�nant form �s carbonate 
(CO3

�-). As long as there rema�n B�carbonates �n the water, the buffer�ng capac�ty rema�ns �ntact. In areas 
r�ch �n l�mestone (CaCO3), aquat�c systems are thus very well buffered aga�nst changes �n pH. 

The pH of pure water �s 7. Th�s makes pH value a good �nd�cator of whether water �s hard or soft. 
Generally, water w�th pH lower than 7 �s ac�d�c, and w�th pH greater than 7 �s bas�c; pHs values h�gher 
than 9 or lower than 3 are lethal to many organ�sms. Whereas the pH range for surface water systems 
�s 6.5 to 8.5, the pH range for groundwater systems �s 6 to 8.5. Alkal�n�ty �s a measure of the capac�ty 
of the water to res�st a change �n pH that would tend to make the water more ac�d�c. The measurement 
of alkal�n�ty and pH �s needed to determ�ne the corros�veness of the water. In general, water w�th a 
pH < 6.5 could be ac�d�c, soft, and corros�ve. Ac�d�c water could conta�n metal �ons such as �ron, 
manganese, copper, lead, and z�nc. In other words, ac�d�c water conta�ns elevated levels of tox�c metals. 
Ac�d�c water can cause premature damage to metal p�p�ng, and have assoc�ated aesthet�c problems such 
as a metall�c or sour taste. It can also sta�n laundry and cause “blue-green” colour sta�n�ng on s�nks and 
dra�ns.

Fresh water can have w�dely rang�ng pH values depend�ng on the geology of the dra�nage bas�n or 
aquifer and the influence of contaminant inputs (acid rain). pH value can also drop due to treatment 
processes l�ke add�t�on of alum. If the water �s ac�d�c (lower than 7), l�me, soda ash, or sod�um hydrox�de 
can be added to raise the pH during water purification processes. Lime addition increases the calcium 
�on concentrat�on, thus ra�s�ng the water hardness. Th�s process �s called “pH correct�on”. For h�ghly 
acidic waters, forced draft degasifiers3can be an effect�ve way to ra�se the pH, by str�pp�ng d�ssolved 
carbon dioxide from the water. Making the water alkaline helps coagulation and flocculation processes 
work effect�vely and also helps to m�n�m�ze the r�sk of lead be�ng d�ssolved from lead p�pes and from 
lead solder in pipe fittings. Sufficient alkalinity also reduces the corrosiveness of water to iron pipes. 
Ac�d (carbon�c ac�d, hydrochlor�c ac�d or sulfur�c ac�d) may be added to alkal�ne waters �n some 
c�rcumstances to lower the pH. Alkal�ne water (above pH 7.0) does not necessar�ly mean that lead or 
copper from the plumb�ng system w�ll not be d�ssolved �nto the water. The ab�l�ty of water to prec�p�tate 
calc�um carbonate to protect metal surfaces and reduce the l�kel�hood of tox�c metals be�ng d�ssolved �n 
water �s a funct�on of pH, m�neral content, temperature, alkal�n�ty and calc�um concentrat�on. 

5.6.5.2 Concrete

Ac�d water w�th pH values fall�ng below those g�ven �n Table 5-5w�ll have a damag�ng effect on 
concrete.

3Degasification is the removal of dissolved gases from liquids, especially water or aqueous solutions
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Table 5-5: pH Values Related to Concrete Damage

Hardness CaCO3, mg/l pH
50 8.4
�00 8.�
�50 7.8
�00 7.5
�50 7.3
300 7.�

Soft water (w�th low carbonate hardness) becomes very aggress�ve �f �t conta�ns free carbon d�ox�de. 
Th�s aggress�ve carbon d�ox�de d�ssolves the calc�um salts of concrete and mortar, gradually destroy�ng 
them. If such water is also flowing, the rate of destruction can be quite rapid. Alkaline water with pH 
values above those g�ven �n Table 5-5, can also cause damage to cement products �f the sulphate content 
is above 300 mg/l in stagnant water or 100 mg/l in flowing water. Calcium and Magnesium Sulphates 
and, to a small extent, the correspond�ng chlor�des, can also destroy concrete.

Water conta�n�ng hydrogen sulph�de and large amounts of ammon�um salts caused by wastes, �s also 
damag�ng to concrete. Concrete �s also attacked by water conta�n�ng sod�um hydrogen carbonate. Large 
amounts of aggress�ve carbon d�ox�de occurr�ng w�th low carbonate hardness w�ll cause damage to 
asbestos cement p�pes. Internal b�tumen l�n�ngs and external coal-tar coats, can �mprove the res�stance 
of asbestos cement p�pes qu�te cons�derably.

5.6.5.3 Steel and Iron Products

Stagnant water causes greater corrosion to steel and iron pipes than flowing water. Therefore, aggressive 
water �s part�cularly damag�ng to the term�nal components of p�pel�ne systems.

Water with no aggressive carbon dioxide, flowing at less than 0.5 m/s, having a hardness exceeding 35 
mg/l and a d�ssolved oxygen content exceed�ng 6 mg/l forms a protect�ve ant�-rust layer of calc�um and 
magnesium compounds on the internal surfaces of pipes. If the flow velocity of the water is more than 
0.5 m/s, the same w�ll occur �f the d�ssolved oxygen content �s more than � mg/l.

If the oxygen content �s too low, all types of water w�ll attack steel and �ron p�pes, even �f all the other 
corros�on factors do not favour attack. The oxygen concentrat�on should, therefore, never be less than 
4.0 mg/l even if the velocity of flow exceeds 0.5 m/s.

Iron and steel are always attacked and d�ssolved by water conta�n�ng aggress�ve carbon d�ox�de wh�ch 
prevents the format�on of the protect�ve ant�-rust layer. For �ron p�pes, the water pH values should 
always be equal to or just below those g�ven �n Table 5-5. For galvan�zed steel p�pes, the pH values of 
the water should be kept at a level of 0.5 pH un�ts below the values g�ven �n Table 5-5.

Unprotected �ron p�pes are attacked by hydrogen sulph�de. Water w�th a h�gh chlor�de content attacks 
�ron p�pes v�rulently. The l�m�t for unprotected �ron p�pes �s �50 mg/l �n soft waters. Steel p�pes are more 
suscept�ble to chem�cal attacks than cast �ron p�pes, espec�ally when exposed to soft aggress�ve water. 
For th�s water, steel and �ron p�pes should be avo�ded �n favour of uPVC p�pes and spec�al protect�ve 
coat�ng should be cons�dered for concrete storage reservo�rs.

5.6.5.4  Galvanic Corrosion

Galvan�c or b�-metall�c corros�on �s a common form of corros�on. It occurs when two d�fferent metals 
are connected and �mmersed �n a solut�on such as water. In these c�rcumstances, a set of galvan�c cells �s 
formed �n wh�ch corros�on �s caused by the electrochem�cal act�on between the two metals. An example 
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of th�s type of corros�on �s a well screen made of two d�fferent metals, such as m�ld steel and sta�nless 
steel.

There are three cond�t�ons �n the absence of wh�ch galvan�c corros�on fa�ls to occur.

F�rst there must be two electrochem�cally d�ss�m�lar metals present;
Second, there must be an electr�cally conduct�ve path between the two metals; and 
There must be a conduct�ve path for the metal �ons to move from the more anod�c metal to the 
more cathod�c metal. 

Galvan�c corros�ons may be prevented �n a number of ways:

Electr�cally �nsulate from each other metals from d�fferent groups, wherever pract�cal. If 
complete �nsulat�on cannot be ach�eved, pa�nt or plast�c coat�ng at jo�nts w�ll help;
Avo�d mak�ng comb�nat�ons where the area of the less noble, anod�c metal �s relat�vely small 
compared w�th the area of the more noble metal;
Select comb�nat�ons of metals wh�ch w�ll be �n electr�cal contact from groups as close together 
as poss�ble �n the galvan�c ser�es;
If you must use d�ss�m�lar mater�als well apart �n the ser�es, avo�d jo�n�ng them by threaded 
connect�ons as the threads w�ll probably deter�orate excess�vely. Brazed or thermal jo�nts are 
preferred, us�ng a braz�ng alloy more noble than at least one of the metals to be jo�ned;
Apply coat�ngs w�th judgment. Example: Do not pa�nt the less noble metal w�thout also pa�nt�ng 
the nobler; otherw�se, greatly accelerated attack may be concentrated at �mperfect�ons �n coat�ngs 
on the less noble metal. Keep such coat�ngs �n good repa�r; and
Cons�der use of cathod�c protect�on.

5.6.6 Organoleptic and Physical Standards

Dr�nk�ng water shall conform to the US �0�:�008 requ�rements for factors affect�ng organolept�c and 
phys�cal character�st�cs correspond�ng to a g�ven class �nd�cated �n Append�x 3.

5.6.7 Chemical standards

Drinking water shall conform to the maximum limits for chemicals of health significance in drinking 
water as �nd�cated �n Append�x 3. It should be noted that, safety factors �nd�cated �n Append�x 3 apply 
to both Class I and Class II.

5.6.8 Water Quality Preservation and Monitoring

5.6.8.1 General

All water supply schemes should be des�gned to preserve water qual�ty. The most �mportant step 
�n meet�ng th�s requ�rement �s to s�te all system fac�l�t�es �n such a way as to m�n�m�ze the r�sk of 
contam�nat�on. For example, water sources should be prov�ded w�th appropr�ate protect�on zones as 
already d�scussed �n Chapter 3 – “Water Sources”. Des�gn cr�ter�a and �nstallat�ons for preserv�ng water 
qual�ty are deta�led �n the relevant sect�ons throughout th�s des�gn manual. 

The mon�tor�ng of dr�nk�ng water qual�ty �s not only a matter of establ�sh�ng regulat�ons but �t �s also 
a matter of establ�sh�ng the necessary support�ve related phys�cal fac�l�t�es �nclud�ng laborator�es, 
�nfrastructure, organ�zat�onal as well as educat�onal measures. Each water supply scheme should have a 
water qual�ty mon�tor�ng strategy and plan that deta�ls the parameters checked, the frequency of test�ng 
and the locat�on of sampl�ng po�nts. The results of every water qual�ty test must be kept as a record 
for �nspect�on.Water supply schemes should be des�gned �n such a way as to fac�l�tate water qual�ty 
mon�tor�ng, so that water samples can be read�ly taken espec�ally at the follow�ng po�nts:

�)
��)
���)

�)

��)

���)

�v)

v)

v�)
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Water sources, before treatment;
Water treatment stages (at entry and exit of every unit operation) to check efficiency of treatment 
process; and
D�fferent po�nts �n the transm�ss�on and d�str�but�on systems.
Consumer draw po�nts �nclud�ng stand p�pes, �nd�v�dual connect�ons and reservo�rs.

The general and sampl�ng requ�rements for water qual�ty surve�llance can be found �n the US �0�:�008. 
The l�st of the water qual�ty mon�tor�ng stat�ons for the d�fferent parts of Uganda can be found �n 
Append�x 3. 

5.6.8.2 Water Safety Plans

In order to ensure long term safety of the water suppl�ed, the des�gner should g�ve gu�dance on the 
poss�ble plans to ma�nta�n the qual�ty of water.

A water safety plan shall cons�st of three key components: 

System assessment to determine whether the drinking-water supply chain (up to the 
point of consumption) as a whole can deliver water of a quality that meets health-based 
targets; 
Identifying control measures in a drinking water system that will collectively control 
identified risks and ensure that the health-based targets are met; and 
Management plans describing actions to be taken during normal operation or incident 
conditions and documenting the system assessment (including upgrade and improvement), 
monitoring and communication plans and supporting programmes. 

A water safety plan shall �nclude: 

Measures to protect the source of dr�nk�ng water from r�sks of pollut�on; 
Measures to ensure all �nstallat�ons �ntended for the product�on of dr�nk�ng water exclude any 
poss�b�l�ty of contam�nat�on. For th�s purpose and �n part�cular: 

The �nstallat�on for collect�on, the p�pes and the reservo�rs shall be made from mater�als 
su�ted to the water and �n such a way as to prevent the �ntroduct�on of fore�gn substances 
�n water; 
The equ�pment and �ts use for product�on, espec�ally �nstallat�on for wash�ng and packag�ng, 
shall meet hyg�en�c requ�rements; 

Measures to ensure an appropriate treatment such as pre-treatment coagulation, flocculation, 
sedimentation, filtration and disinfection are undertaken to assure the safety of water for the 
consumers; 
Appropr�ate operat�onal mon�tor�ng system �nclud�ng mon�tor�ng parameters that can be 
measured and for which limits have been set to define the operational effectiveness of the 
act�v�ty; frequency of mon�tor�ng and procedures for correct�ve act�on that can be �mplemented 
�n response to dev�at�on from l�m�ts. If, dur�ng product�on �t �s found that the water �s polluted, 
the producer shall stop all operat�ons unt�l the cause of pollut�on �s el�m�nated; and 
A verification plan to ensure that individual components of a drinking-water system, and system 
as a whole �s operat�ng safely. 

5.6.8.3 Surveillance and Sampling Requirements

Dr�nk�ng water suppl�ers should ensure, at all t�mes, the qual�ty and safety of the water that they produce 
(US �0�:�008). Publ�c health surve�llance (that �s, surve�llance of health status and trends) contr�butes to 
ver�fy�ng dr�nk�ng-water safety. Adequate �nfrastructure, proper mon�tor�ng and effect�ve plann�ng and 
management and a system of �ndependent surve�llance are bas�c and essent�al requ�rements to ensure 
the safety of dr�nk�ng water. Surve�llance shall cover the total water supply network from the source of 
untreated water to the consumer del�very po�nts. 
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A sampl�ng programme that takes �nto cons�derat�on appropr�ate �nternat�onal recommendat�ons shall 
be establ�shed and �mplemented. The sampl�ng shall be regular and �ts frequency shall ma�nly depend 
on the follow�ng factors:

Qual�ty of water harnessed �nclud�ng effects on the water from cl�mat�c, human and �ndustr�al 
act�v�t�es;
Type of treatment for dr�nk�ng worth�ness;
Volume of water processed;
R�sks of contam�nat�on;
Background of publ�c water supply network;
Populat�on served; and 
Capab�l�t�es of the analyt�cal fac�l�ty (both �n terms of capac�ty and �n terms of analyt�cal 
performance). 

W�th respect to sampl�ng requ�rements, the recommendat�ons g�ven �n US ISO 5667-� shall be used as 
the bas�s for the establ�shment of a sampl�ng programme, and the recommendat�ons g�ven �n US ISO 
5667-�, US ISO 5667-3, US ISO 5667-4, US ISO 5667-5, US ISO 5667-6 and US ISO 5667-�� shall be 
used as the bas�s for �mplement�ng the sampl�ng programme. 

A sampl�ng program for the d�fferent categor�es of water suppl�es should be establ�shed and adhered 
to. In all cases a m�n�mum sampl�ng frequency g�ven �n Table 5-6 shall be used as a gu�de where no 
establ�shed program �s ava�lable.

Table 5‑6: Minimum Frequency of Sampling of Water for Surveillance

Population Served Frequency * (Minimum) of Sampling 

More than �00 000 �0 samples every month per �00,000 of populat�on served 

�5 00� – �00 000 �0 samples every month 

�0 00� – �5 000 3 samples every month 

� 500 – �0 000 � samples every month 

Less than � 500 � sample every month 

* Dur�ng the ra�ny season, sampl�ng should be carr�ed out more frequently 

5.6.8.4 Parameters Required for Minimum Monitoring

Due to the fact that the cost of perform�ng a full analys�s aga�nst the var�ous water qual�ty parameters 
l�sted �n the var�ous tables of Append�x 3, the analys�s of the parameters �n append�x 3) may be deemed 
acceptable for the purpose of indicating on going levels of operational efficiency in a water treatment 
plant.

5.6.8.5 Water Sampling

The select�on of water sources and treatment methods w�ll requ�re the collect�on and analys�sof water 
samples from the alternat�ve sources ava�lable for water supply. The samples taken should cover all 
regimes of the water source under investigation and they should be taken in sufficient numbers covering 
the dry and ra�ny seasons. Samples from raw water wells and boreholes should be taken after at least �4 
hours of pump�ng. The results of the water sample analyses should be evaluated aga�nst the water qual�ty 
gu�del�nes. Whenever the results leave some doubts regard�ng the select�on of water sources and/or 
treatment methods, add�t�onal samples should be collected and analyzed.
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Water sampl�ng and analys�s should be carr�ed out by tra�ned and sk�lled personnel as �ncorrect techn�ques 
can lead to �ncorrect results and dec�s�ons. The Water Qual�ty Management Strategy, �006 of the MWE 
g�ves a gu�de on sampl�ng and �ts frequency and number of samples. The strategy recommends tests to 
be done on parameters specified in Appendix 3.

The sampl�ng po�nts, samples must be taken from locat�ons that are representat�ve of the water 
source, treatment plant, storage fac�l�t�es, d�str�but�on network, po�nts at wh�ch water �s del�vered to 
the consumer, and po�nts of use (WHO, �0�0). In select�ng sampl�ng po�nts, each local�ty should be 
cons�dered �nd�v�dually however, the follow�ng general cr�ter�a are usually appl�cable:

Sampl�ng po�nts should be selected such that the samples taken are representat�ve of the d�fferent 
sources from wh�ch water �s obta�ned by the publ�c or enters the system;
These po�nts should �nclude those that y�eld samples representat�ve of the cond�t�ons at the most 
unfavourable sources or places �n the supply system, part�cularly po�nts of poss�ble contam�nat�on 
such as unprotected sources, loops, reservo�rs, low-pressure zones, ends of the system, etc;
Sampl�ng po�nts should be un�formly d�str�buted throughout a p�ped d�str�but�on system, tak�ng 
populat�on d�str�but�on �nto account; 
The number of sampl�ng po�nts should be proport�onal to the number of l�nks or branches;
The po�nts chosen should generally y�eld samples that are representat�ve of the system as a 
whole and of �ts ma�n components;
Sampl�ng po�nts should be located �n such a way that water can be sampled from reserve tanks 
and reservo�rs, etc;
In systems w�th more than one water source, the locat�ons of the sampl�ng po�nts should take 
account of the number of �nhab�tants served by each source; and
There should be at least one sampl�ng po�nt d�rectly after the clean-water outlet from each 
treatment plant.

Sampling sites in a piped distribution network may be classified as:
fixed and agreed with the supply agency;
fixed, but not agreed with the supply agency; or
random or var�able.

Each type of sampl�ng s�te has certa�n advantages and d�sadvantages. F�xed s�tes agreed w�th the suppl�er 
are essent�al when legal act�on �s to be used as a means of ensur�ng �mprovement; otherw�se, the supply 
agency may object to a sample result on the grounds that water qual�ty may have deter�orated �n the 
household, beyond the area of responsibility of the supplier. Nevertheless, fixed sample points are rare 
or unknown �n some countr�es.

F�xed s�tes that are not necessar�ly recogn�zed by the supply agency are used frequently �n �nvest�gat�ons, 
�nclud�ng surve�llance. They are espec�ally useful when results have to be compared over t�me, but they 
l�m�t the poss�b�l�ty of �dent�fy�ng local problems such as cross-connect�ons and contam�nat�on from 
leak�ng d�str�but�on networks. Sampl�ng reg�mes us�ng var�able or random s�tes have the advantage of 
be�ng more l�kely to detect local problems but are less useful for analys�ng changes over t�me.

5.6.8.6 Handling of Water Samples

Water samples should be handled w�th max�mum care as poor handl�ng may lead to an erroneous 
test result. All samples must be collected us�ng methods that ensure ster�l�ty of the utens�ls used for 
collect�on. Caut�on should be exerc�sed as a water source that �s not contam�nated can be contam�nated 
by the utens�l used or by the person collect�ng the sample.

The t�me between sample collect�on and analys�s should, �n general, not exceed 6 hours, and �4 hours �s 
cons�dered the absolute max�mum (WHO, �0�0). Samples should be �mmed�ately placed �n a l�ghtproof 
�nsulated box conta�n�ng melt�ng �ce or �ce-packs w�th water to ensure rap�d cool�ng. If �ce �s not ava�lable, 
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the transportat�on t�me must not exceed � hours. It �s �mperat�ve that samples are kept �n the dark and 
that cool�ng �s rap�d. If these cond�t�ons are not met, the samples should be d�scarded. When water that 
conta�ns or may conta�n even traces of chlor�ne �s sampled, the chlor�ne must be �nact�vated. If �t �s not, 
m�crobes may be k�lled dur�ng trans�t and an erroneous result w�ll be obta�ned. The bottles �n wh�ch the 
samples are placed should therefore conta�n sod�um th�osulfate to neutral�ze any chlor�ne present.

Support�ng documents c�ted �n Annex � of WHO (�0��) are recommended �n the �mplementat�on of 
water safety plan. Table 5-7 show�ng the ISO standards c�ted �n WHO (�0��) shall be adopted water 
sampl�ng, sampl�ng des�gn, sample handl�ng and preservat�on.

Table 5-7: International Organization for Standardization (ISO) Standards for Water QualityGiving 
Guidance on Sampling a

ISO standard No. Title (water quality) 

5667-�:�006 Sampl�ng—Part �: Gu�dance on the des�gn of sampl�ng programs and sampl�ng 
techn�ques 

5667-3:�003 Sampl�ng—Part 3: Gu�dance on the preservat�on and handl�ng of water 
samples 

5667-4:�987 Sampl�ng—Part 4: Gu�dance on sampl�ng from lakes, natural and man-made 

5667-5:�006 Sampl�ng—Part 5: Gu�dance on sampl�ng of dr�nk�ng water and water from 
treatment works and p�ped d�str�but�on systems 

5667-6:�005 Sampl�ng—Part 6: Gu�dance on sampl�ng of r�vers and streams 

5667-��:�009 Sampl�ng—Part ��: Gu�dance on sampl�ng of ground waters 

5667-�3:�997 Sampl�ng—Part �3: Gu�dance on sampl�ng of sludge from sewage and water 
treatment works 

5667-�4:�998 Sampl�ng—Part �4: Gu�dance on qual�ty assurance of env�ronmental water 
sampl�ng and handl�ng 

5667-�6:�998 Sampl�ng—Part �6: Gu�dance on b�o-test�ng of samples 

5667-�0:�008 Sampl�ng—Part �0: Gu�dance on the use of sampl�ng data for dec�s�on mak�ng—
Compliance with thresholds and classification systems 

5667-��:�0�0 Sampl�ng—Part ��: Gu�dance on sampl�ng of dr�nk�ng water d�str�buted by 
tankers or means other than d�str�but�on p�pes 

5667-�3:�0�� Sampl�ng—Part �3: Gu�dance on pass�ve sampl�ng �n surface waters 

5668-�7:�008 Sampl�ng—Part �7: Gu�dance on sampl�ng of bulk suspended sed�ments 

�3530:�009 Gu�dance on analyt�cal qual�ty control for chem�cal and phys�cochem�cal water 
analys�s 

�738�:�003 Select�on and appl�cat�on of ready-to-use test k�t methods �n water analys�s 
a ISO has also establ�shed qual�ty management standards relat�ng to dr�nk�ng-water supply, �nclud�ng 
ISO �45�0:�007.
Act�v�t�es relat�ng to dr�nk�ng water and wastewater serv�ces—Gu�del�nes for the assessment and for 
the �mprovement of the serv�ce to users; and ISO �45��:�007.
Act�v�t�es relat�ng to dr�nk�ng water and wastewater serv�ces—Gu�del�nes for the management of 
dr�nk�ng water ut�l�t�es and for the assessment of dr�nk�ng water serv�ces.

Source: WHO, 2011
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6.1 General

6.1.1 Basic Considerations

In most cases, it will be necessary to treat water in order to render it fit for drinking and other domestic 
uses. Most �mportant �n water treatment �s the removal of pathogen�c organ�sms and tox�c substances 
such as heavy metals, wh�ch may cause health hazards. Other substances may also need to be greatly 
reduced �f not completely removed. Such substances �nclude suspended matter (wh�ch causes turb�d�ty); 
�ron and manganese compounds wh�ch �mpart b�tter taste or sta�n�ng of laundry; excess�ve carbon 
d�ox�de wh�ch corrodes concrete and metals; hardness; total d�ssolved sol�ds and organ�c matter. The 
water qual�ty gu�del�nes presented �n the Chapter 5 “Water Qual�ty” should be used when dec�d�ng on 
the types and extent of treatment requ�red.

Before a treatment plant �s des�gned, thorough �nvest�gat�ons should be done to determ�ne whether �t 
would not be feas�ble to use alternat�ve sources w�th better raw water qual�ty. Var�ous water treatment 
processes have been developed, and often a treatment result can be ach�eved �n a number of d�fferent 
ways as �llustrated �n Table 6-�.

Table 6-1: Effectiveness of Water Treatment Processes in Removing Impurities

Water Qual�ty 
Parameter

TREATMENT PROCESSES

Aerat�on
Chem�cal 
Coagulat�on and 
Flocculat�on

Sed�mentat�on Rap�d 
F�ltrat�on

Slow Sand 
F�ltrat�on

F�nal 
D�s�nfect�on

D�ssolved 
Oxygen + o o - - +

Carbon 
D�ox�de 
Removal

+ o o + ++ +

Turb�d�ty 
Reduct�on o +++ + +++ ++++ o

Colour 
Reduct�on o ++ + + ++ ++

Taste and 
Odour 
Removal

++ + + ++ ++ +

Bacter�al 
Removal o + ++ ++ ++++ ++++

Iron and 
Manganese 
Removal

++ + + ++++ ++++ o

Organ�c 
Matter 
Removal

+ + ++ +++ ++++ +++

Notes:++++ = �ncreas�ng pos�t�ve effect o = no effect - =negat�ve effect

WATER TREATMENT

Chapter6
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Turbidity in water is caused by the presence of suspended matter, scattering and absorbing light 
rays and thus giving the water a non-transparent milky appearance. Common treatment processes 
for groundwater and surface water are summarized in Table 6-2 and Table 6-3 respectively.

Table 6-2: Treatment of Groundwater

Water Qual�ty
TREATMENT PROCESSES

Aerat�on for 
�ncreas�ng O�

Aerat�on for 
reduc�ng CO�

Pla�n 
Sed�mentat�on

(Rap�d) 
F�ltrat�on

F�nal 
D�s�nfect�on

Aerob�c, fa�rly hard, 
not corros�ve water x

Aerob�c, soft, 
corros�ve water x x

Anaerob�c, fa�rly 
hard, not corros�ve, 
no �ron and 
manganese

x x

Anaerob�c, fa�rly 
hard, not corros�ve 
w�th �ron and 
manganese

x o x x

Anaerob�c, soft, 
corros�ve, no �ron 
and manganese

x x x

Anaerob�c, soft, 
corros�ve w�th �ron 
and manganese

x x o x x

[x = necessary treatment process, o = opt�onal treatment process]

Table 6-3: Treatment of Surface Water

Water 
Qual�ty

TREATMENT PROCESSES

Pre-
chlor�nat�on

Chem�cal 
Coagulat�on and 
Sed�mentat�on

Sed�mentat�on Rap�d 
F�ltrat�on

Slow Sand 
F�ltrat�on

F�nal 
D�s�nfect�on

Clear and 
unpolluted x

Sl�ghtly 
polluted, 
low 
turb�d�ty

o x x

Sl�ghtly 
polluted, 
med�um 
turb�d�ty

o x x x
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Water 
Qual�ty

TREATMENT PROCESSES

Pre-
chlor�nat�on

Chem�cal 
Coagulat�on and 
Sed�mentat�on

Sed�mentat�on Rap�d 
F�ltrat�on

Slow Sand 
F�ltrat�on

F�nal 
D�s�nfect�on

Sl�ghtly 
polluted, 
h�gh 
turb�d�ty

x x x x x

Sl�ghtly 
polluted, 
many 
algae

x x x x x

Heav�ly 
polluted, 
l�ttle 
turb�d�ty

x x x x

Heav�ly 
polluted, 
h�gh 
turb�d�ty

x x x x x

[x = necessary treatment process, o = opt�onal treatment process]

6.1.2 Large Towns and Urban Centres

Water treatment �n large towns and urban centres should be effect�ve enough to ach�eve the follow�ng:

The bacter�olog�cal standards as set out �n Chapter 5 – “Water Qual�ty”;
Chem�cal standards as set out �n Chapter 5 – “Water Qual�ty”; and
Produce water wh�ch compl�es w�th the requ�rements set out �n Chapter 5 – “Water Qual�ty”.

6.1.3 Rural Areas

Water treatment �n rural areas should be effect�ve enough to ach�eve the follow�ng:

The bacter�olog�cal standards as set out �n Chapter 5 – “Water Qual�ty”;
The chem�cal standards as set out Chapter 5 – “Water Qual�ty”; and
Produce water wh�ch compl�es w�th the requ�rement set out �n Chapter 5 – “Water Qual�ty”.

6.1.4 General Design Principles

The follow�ng general pr�nc�ples should be observed �n the plann�ng and des�gn of water treatment 
works:

The works should be des�gned for cont�nuous �4-hour operat�on;
All major process units (chemical feeders, mixing basins, flocculation tanks, sedimentation tanks 
and filters) which require frequent servicing or cleaning should be provided at least in duplicate. 
Sedimentation tanks and filters should preferably be provided in triplicate, in order to limit the 
temporary overload�ng when one un�t �s be�ng serv�ced or cleaned to 50%;
However, �n small treatment works (of capac�ty less than 500 m3/day), �t may not be pract�cable 
to have process un�ts �n dupl�cate or tr�pl�cate as they w�ll then be too small; and
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As a general pr�nc�ple, all k�nds of electr�cal, mechan�cal and automat�c equ�pment �s to be kept 
to the absolute m�n�mum poss�ble.

6.1.5 Phasing of Water Treatment Works

Even when water analyses do not �nd�cate �mmed�ate or future need for treatment, prov�s�ons should 
always be made to �ncorporate full treatment at a later stage, to cater for deter�orat�ng raw water qual�ty 
or �ncreased demand for h�gh-qual�ty potable water. In th�s regard, su�table s�tes for the treatment works 
should be identified and adequate gradients provided to allow for the additional head losses through 
the works. There should also be prov�s�on of adequate space for future extens�ons and phases of the 
treatment works.

Units like flocculation tanks which depend on the flow velocity of the water for their effective 
performance, have to be designed in such a way that they can function properly also for flows smaller 
than the “Ultimate Year” flows.

6.2 Raw Water Storage

6.2.1 General

Raw water storage can be regarded as a form of treatment process. A raw water storage bas�n can serve 
the follow�ng purpose:

Reduc�ng turb�d�ty by sed�mentat�on;
Reduc�ng the numbers of pathogen�c bacter�a through the act�v�ty of algae, other organ�sms and 
the ultra-v�olet rays �n sunl�ght; and
Fac�l�tat�ng the destruct�on of other water-based pathogen�c m�cro-organ�sms such as 
schistosomiasis cercariae, for which a storage period of 48 hours is sufficient.

However, prolonged storage of raw water can cause the follow�ng problems:

Reduction of the oxygen content of the water in which case aeration may be required as the first 
treatment process;
Promot�on of algal growth �n the water; and
Loss of water through evaporat�on and seepage.

6.2.2 Design

A raw water storage bas�n can be made by construct�ng s�mple earth dykes up to a he�ght of about 6 m. 
The dead storage allowance should be about � m and the detent�on t�me should be of the order of several 
weeks to a few months. Allowance should also be made for losses due to evaporat�on and seepage wh�ch 
could be as h�gh as �5-�5 mm/day. Adequate hydrolog�cal study �s requ�red to ensure that the storage �s 
sufficient to cover requirements all year round, including for the dry seasons.

6.2.3 Infiltration

Artificial infiltration can improve the physical, chemical and bacteriological quality of surface water as 
already d�scussed �n Chapter 3 – “Water Sources”.

6.2.4 Plain Sedimentation

6.2.4.1 General

Pla�n sed�mentat�on bas�ns ma�nly serve the purpose of reduc�ng turb�d�ty by the removal of suspended 
matter. The bas�ns may serve as a pre-treatment measure or as the only ma�n treatment process where 
water qual�ty requ�rements are not str�ngent. A pla�n sed�mentat�on tank may have a batch w�se or 
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cont�nuous operat�on and �t can be constructed out of concrete, masonry or �t can be a s�mple excavat�on 
w�th a protect�ve l�n�ng. Pla�n sed�mentat�on can be used as a pre-treatment stage upstream of slow sand 
filters, if the average annual turbidity of the water is in the range of 20 – 100 NTU.

6.2.4.2 Design 

Pla�n sed�mentat�on tanks should be des�gned for a surface load�ng �n the range of 0.� - 0.5 m3/m�h. The 
exact surface load�ng to be adopted should be determ�ned after carry�ng out settlement tests on samples 
of raw water, typ�cal of all reg�mes of the water source. The settl�ng propert�es of water w�ll depend 
on the so�l and vegetat�on cond�t�ons �n the catchment area, and they w�ll vary cons�derably between 
d�fferent locat�ons and reg�mes of the water source. 

6.2.5 Roughing Filtration

6.2.5.1 General

Roughing filtration can be used as a pre-treatment process upstream of sand filtersas a process for 
reduc�ng turb�d�ty. It has also a useful part to play �n many treatment processes. In a typ�cal rough�ng 
filter, there are series of tanks which are filled with progressively smaller diameter media in the direction 
of the flow which can either be horizontal or vertical. With respect to the vertical flow direction, we have 
either up-flow or down-flow roughing filters. 

The med�a �n the tank wh�ch may �nclude gravel, r�ce husks or any other su�table local mater�al, 
plays an �mportant role of reduc�ng the vert�cal settl�ng d�stance of the part�cles to a d�stance of a 
few m�ll�metres. The tendency of the sed�ments bu�ld�ng up on the med�a leads to �ts slough�ng off 
and eventual accumulat�on �n the lower sect�on wh�le s�multaneously regenerat�ng the upper port�ons 
of the filter; thus, periodic cleaning is required as a maintenance process to remove the accumulated 
silt. For the detail information on the design of roughing filters, designers are recommended to read a 
comprehens�ve SANDTEC des�gn report ent�tled “Surface Water Treatment by Rough�ng F�lters - A 
Des�gn, Construct�on and Operat�on Manual, �996”.

6.2.5.2 Up-Flow Filters

Up-flow filters are often suitable as roughing filters, as they provide for a coarse - to - fine filtration 
process and are thus not l�able to rap�d clogg�ng. 
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Figure 6‑1: Example of an Upflow Roughing Filter.
Source: SANDTEC – SKAT, 1996.

The backwash rate can be relatively low as no expansion of the filter bed is needed, but the washing 
takes a long time of about 20 - 30 minutes. Raw water can be used for backwashing. A typical up-flow 
filter is given in Figure 6-1below.

6.2.5.3 Horizontal Gravel Filters

Horizontal gravel filters should have a depth of 1 - 2 m, sub-divided into three zones each about 5 m 
long and cons�st�ng of gravel of s�zes �0 - 30 mm at the �nlet s�de, followed by s�zes �5 - �0 mm �n the 
middle and sizes 10 - 15 mm at the outlet end. The horizontal water flow rate computed over the full 
depth should be �n the range of 0.5 - �.0 m/h, wh�ch represents a surface load�ng of 0.03 - 0.� m3/m�h. 
Clean�ng of the gravel w�ll be needed only after a per�od of a number of years. Turb�d�ty removals of 60 
- 70% can be ach�eved for waters hav�ng turb�d�ty of up to �50 NTU.
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Figure 6-2: Example of a Horizontal Flow Roughing Filter.
Source: SANDTEC – SKAT, 1996.

6.2.5.4 Rapid Roughing Sand Filters

Rapid roughing sand filters are built like conventional vertical - flow rapid sand filters, except that the 
sand should be coarser, w�th effect�ve s�ze of 0.8 - �.� mm. F�lter backwash�ng can be done us�ng raw 
water. A rapid roughing sand filter can be used as a pre-treatment process upstream of slow sand filters, 
if the turbidity of the raw water is in the range of 20 - 100 NTU. The filters should be designed for a 
surface load�ng �n the range of 5 -�5 m3/m�h.

6.3  Aeration

6.3.1 General

Aerat�on �s the process whereby water �s brought �nto �nt�mate contact w�th a�r for the follow�ng 
purposes:

Increas�ng the oxygen content of the water;
Reduc�ng the carbon d�ox�de content of the water;
Remov�ng hydrogen sulph�de, methane and other volat�le organ�c compounds respons�ble for 
�mpart�ng tastes and odours; and
Remov�ng �ron and manganese respons�ble for �mpart�ng tastes and d�scolourat�on.

6.3.2 Surface Water

Generally, there �s no need for spec�al prov�s�ons to be made for the aerat�on of surface water w�th 
the a�m of reduc�ng h�gh contents of �ron and/or manganese. The contents of �ron and manganese as 
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found �n the surface waters �n Uganda are usually �n a form that can eas�ly be removed by coagulat�on, 
flocculation, sedimentation and filtration4. However, aerat�on may be requ�red to �ncrease the oxygen 
content of waters abstracted from large storage reservo�rs.

6.3.3 Groundwater

Aerat�on �s w�dely used for the treatment of groundwater hav�ng unacceptably h�gh contents of �ron and/
or manganese. The atmospher�c oxygen brought �nto the water through aerat�on, reacts w�th the d�ssolved 
ferrous and manganous compounds, chang�ng them �nto �nsoluble ferr�c and mangan�c ox�de hydrates. 
The hydrates can then be removed by the subsequent processes of sedimentation and/or filtration.

6.3.4 Cascade AeratorsCascade Aerators Aerators

A cascade aerator consists of a flight of 4 - 6 steps, each about 300 mm high as illustrated in Figure 6-33. 
To produce turbulence and thus enhance the aeration efficiency, obstacles are often sat at the edge of each 
step. The des�gn capac�ty of a cascade aerator should be of the order of 35 m3/hour per metre of w�dth.

Figure 6-3: Cascade Aerator

6.3.5 Multiple Tray Aerators

A mult�ple tray aerator cons�sts of 4 - 8 trays w�th perforated bottoms at �ntervals of 300 – 500 mm. 
Through perforated p�pes, the water �s d�v�ded evenly over the upper tray, from wh�ch �t tr�ckles down, 
the droplets be�ng d�spersed and re-collected at each success�ve tray. The des�gn surface load�ng of a 
mult�ple tray aerator should be of the order of 70 m3/hour/m�.

6.4 Coagulation

6.4.1 General

Coagulation can be considered to be the first stage in the formation of precipitates of finely divided, 
suspended and collo�dal matter �n water, �nduced by the add�t�on of spec�al chem�cals called “coagulants”. 
The commonest coagulant �n Uganda �s alum�n�um sulphate, commonly called alum. Other coagulants 
are polymers of var�ous, often propr�etary, types. Cons�derat�on should be made of the supply cha�n for 
polymers before they are for used.

4There are a few cases of h�gh �ron content found �n swamp water wh�ch are mostly stagnant. Examples are found �n Kayunga Town Water 
Supply, Pall�sa Town Water Supply and Masaka Town Water Supply. Aerat�on helps �n the removal of the h�gh �ron content; however, depos�ts 
of ferric hydrates over the aerators tend to leave the aerators discoloured and may also block the orifices.
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6.4.2 Types of Coagulants

Coagulant chem�cals are �n two ma�n types �nclud�ng pr�mary coagulants and coagulant a�ds.  Pr�mary 
coagulants neutral�ze the electr�cal charges of part�cles �n the water wh�ch causes the part�cles to clump 
together well as coagulant aids add density to slow-settling flocs and add toughness to the flocs so that 
they do not break up dur�ng the m�x�ng and settl�ng processes. Pr�mary coagulants are always used �n 
the coagulation/flocculation process while coagulant aids, in contrast, are not always required and are 
generally used to reduce flocculation time.  

Chem�cally, coagulant chem�cals are e�ther metall�c salts (such as alum) or polymers.  Polymers are 
man-made organ�c compounds made up of a long cha�n of smaller molecules.  Polymers can be cat�on�c 
(pos�t�vely charged), an�on�c (negat�vely charged) or non�on�c (neutrally charged). Table 6-4 shows 
some of the common coagulant chem�cals and l�sts whether they are used as pr�mary coagulants or as 
coagulant a�ds.

Table 6-4  Types of Coagulants

Chemical Name Chemical Formula Primary Coagulant Coagulant Aids
Alum�num sulfate (Alum) Al�(SO4)3 · �4 H�O X
Ferrous sulfate FeSO4 · 7 H�O X
Ferr�c sulfate Fe�(SO4)3 · 9 H�O X
Ferr�c chlor�de FeCl3 · 6 H�O X
Cat�on�c polymer Var�ous X X
Calc�um hydrox�de (L�me) Ca(OH)� X* X
Calc�um ox�de (Qu�ckl�me) CaO X* X
Sod�um alum�nate Na�Al�O4 X* X
Benton�te Clay X
Calc�um carbonate CaCO3 X
Sod�um s�l�cate Na�S�O3 X
Non�on�c polymer Var�ous X

*Used as a primary coagulant only in water softening processes.
Source: Belmont Water Treatment Association

6.4.3 Aluminium Sulphate Coagulant

6.4.3.1 Introduction 

Alum�n�um sulphate �s a chem�cal compound w�th the formula Al�(SO4)3. Alum�n�um sulphate �s ma�nly 
used as a flocculating agent in the purification of drinking water and wastewater treatment plants, and 
also �n paper manufactur�ng. It �s recommended to be used as the coagulant of cho�ce �n Uganda.

6.4.3.2 Storage of Aluminium Sulphate

Alum�n�um sulphate should be stored �n a secured, cool, dry, well-vent�lated area, removed from 
ox�d�s�ng agents, alkal�s, most metals, heat or �gn�t�on sources and foodstuffs. Ensure conta�ners are 
adequately labelled, protected from phys�cal damage and sealed when not �n use. Check regularly for 
leaks or spills (if in a solution form). Large storage areas should have appropriate fire protection and 
vent�lat�on systems.
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6.4.3.3 Health Hazards and Disposal of Waste Solution and Sludge

Alum�n�um sulphate �s categor�sed as a sl�ghtly corros�ve, �rr�tant and hazardous substance. Th�s product 
has the potent�al to cause adverse health effects w�th over exposure. Use safe work pract�ces to avo�d 
eye or sk�n contact and �nhalat�on. It may hydrolyse (w�th add�t�on of water) to sulphur�c ac�d, a strong 
t�ssue �rr�tant.If released to water, alum�n�um salts w�ll slowly be prec�p�tated as alum�n�um hydrox�de. 
Th�s may lower the pH of waterways w�th tox�c effects to aquat�c organ�sms. It �s not expected to b�o-
accumulate. Plants may exper�ence chron�c tox�c�ty at around �5 ppm. Before d�sposal, neutral�se the 
solut�on w�th l�me, weak alkal� or s�m�lar. For small amounts absorb w�th sand or s�m�lar and d�spose of 
to an approved landfill site.

6.4.3.4 Use of Aluminium Sulphate

Two solut�on tanks, one for m�x�ng and the other for dos�ng, between them hold�ng 48 hours of supply, 
should be prov�ded. The solut�on strength should be �n the range of 5 - �0%. The solut�on tanks could be 
equ�pped w�th hand ag�tators as shown �n F�gure 6-4.

Figure 6-4 Dosing Arrangement for Alum.

If the alkal�n�ty of the raw water �s low, the pH can be appropr�ately adjusted by add�ng soda ash �n 
the correct proport�ons, as determ�ned after carry�ng out laboratory exper�ments called “jar tests”. The 
strength of the soda ash solut�on requ�red �s usually �n the range of � - �0%. The solut�on tanks for soda 
ash should also hold a total of 48 hours of supply. The chem�cal solut�ons should be fed �nto the raw 
water by means of gravity dosers, floating balls or other similar simple devices. Dosing pumps should 
be used only �n except�onal cases.

6.4.4 The Jar Test

To determ�ne the correct chem�cal dosage for alum�n�um sulphate solut�on and for water d�s�nfect�on, 
jar test�ng �s recommended. Jar test�ng enta�ls adjust�ng the amount of treatment chem�cals and the 
sequence �n wh�ch they are added to samples of raw water held �n jars or beakers. The sample �s then 
stirred so that the formation, development, and settlement of floc can be watched just as it would be 
�n the full scale treatment plant. Jar test�ng should be done seasonally (temperature), monthly, weekly, 
daily, or whenever a chemical is being changed, or new pumps, rapid mix motors, new floc motors, 
or new chem�cal feeders are �nstalled. There �s no set requ�rement for how often jar test�ng should be 
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conducted, but the more �t �s done the better the plant w�ll operate. Opt�m�zat�on �s the key to runn�ng 
the plant more efficiently.

The jar test�ng process can be summar�zed as follows:

For each water sample (usually raw water) a number of beakers (jars) are filled with equal 
amounts of the water sample;
Each beaker of the water sample �s treated w�th a d�fferent dose of the chem�cal;
Other parameters may be altered bes�des dosage, �nclud�ng chem�cal types, m�x�ng rate, aerat�on 
level/time, filtration type, etc.; 
By comparing the final water quality achieved in each beaker, the effect of the different treatment 
parameters can be determ�ned; and
Jar testing is normally carried out on several beakers at a time, with the results from the first test 
gu�d�ng the cho�ce of parameter amounts �n the later tests.

6.4.5 Rapid Mixing

Rap�d m�x�ng a�ms at the �mmed�ate d�spersal of the ent�re dose of chem�cals throughout the mass of the 
raw water. To ach�eve th�s, �t �s necessary to ag�tate the water v�olently and to �nject the chem�cals �n the 
most turbulent zone, �n order to ensure the�r un�form and rap�d d�spersal.

Bas�cally, there are two categor�es of dev�ces used for rap�d m�x�ng as follows:

Hydraulic rapid mixers; including baffled channels or chambers (see Figure 6-5), overflow 
(see F�gure 6-6) we�rs and hydraul�c jumps. Grav�tat�onal and Hydraul�c Types m�xers use the 
kinetic energy of water flowing through the baffles in the plant. A baffled or sinusoidal channel 
consists of series of baffles around the ends of which the flowing water is reversed in direction, 
thus causing turbulence or agitation at each point of reversed flow. Turbulence or agitation can 
also be caused by arranging the baffle so that water flow over and under them. Such channels 
can either be horizontal or vertical. The baffle system is recommended up to 200 m3/hr, as no 
mechan�cal equ�pment �s needed. Th�s system presents fewer chances of short c�rcu�t�ng and �s 
also s�mple for construct�on. The d�sadvantages w�th th�s type of system are more loss of head 
and space requ�rement.
Mechan�cal rap�d m�xers where the power requ�red for ag�tat�ng the water �s �mparted by 
�mpellers, propellers or turb�nes. Mechan�cal rap�d m�xers should be used only �n except�onal 
cases. Mechan�cal m�x�ng should be cons�dered for d�scharges more than 300 m3/hr and where 
the head loss �s to be m�n�m�zed. Whereas for larger plants, mult�ple un�ts may be prov�ded, 
for smaller plants, m�x�ng �n a tank w�th paddles �s often preferred. The detent�on per�od �n the 
m�x�ng dev�ce should be between 30 and ��0 seconds.

Figure 6‑5: Baffled Channel Rapid Mixer
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Figure 6‑6: Overflow Weir

6.4.6 Flocculation

6.4.6.1 Introduction 

Flocculat�on can be cons�dered to be the stage consequent to coagulat�on, where the prec�p�tates of 
finely divided suspended and colloidal matter in water agglomerate to form larger clusters called “flocs” 
which can then be removed readily by sedimentation and/or filtration. Flocculation is achieved by the 
process of gentle and cont�nuous st�rr�ng of the coagulated water. A number of factors determ�ne the rate 
of flocculation including particle size, basin and nature of mixing devices, electrolyte concentration, 
water temperature, pH value, time of flocculation, size of mixing etc.

Basically, there are two categories of flocculators as follows:

Hydraulic flocculators including structures such as baffled chambers shown in Figure 6-7 
effecting the stirring action. Baffled chambers of the horizontal- flow or vertical-flow types 
should be designed for a channel flow velocity of 0.1 - 0.3 m/s. The flow velocity in the slots at 
the �nlet end should be 0.6 m/s reduc�ng gradually to 0.3 m/s �n the slots at the outlet end; and
Mechanical flocculators where the stirring action is achieved with devices such as paddles. 
Mechanical flocculators should have a peripheral velocity of 0.9 m/s in the first chamber 
reducing gradually to 0.2 m/s in subsequent chambers. Mechanical flocculators should be used 
only �n except�onal cases.

Other types of hydraulic flocculators are helicoidal flow, stair case flow, gravel bed and Alabama types. 
For detailed discussion and design of these flocculators, the manual users are referred to Schulz  and 
Okun, �984.
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Figure 6‑7: Horizontal Flow Baffled Channel Flocculator (Plan)

6.4.6.2 Flocculation Tank Design Criteria

The flocculator design is used to determine the volume of the flocculator tanks and the spacing and 
number of baffles placed in the flocculator. The computation of volume of the flocculator is as given 
below:
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   Equation 6‑1
Where:

G = Veloc�ty Grad�ent (s-�)
P = Power transm�tted to the Water (Kw)
V = Volume of the flocculation tank (m3)
µ = K�nemat�c v�scos�ty of water (0.9 x �0-6 m�/s at �5°C)

The flocculator is divided into vertical channels by baffles and the water flows up and down through 
these channels. The gu�d�ng pr�nc�ple �s that the length of a channel should be the same as the length 
of the sedimentation tank. Also, the depth of the water at the end of the flocculator must be the same as 
the depth of water in the sedimentation tank. Due to head loss through the baffles, the water depth will 
be greater at the beg�nn�ng of the tank. Add�t�onally, the des�gn calls for �00mm of free space between 
the water surface and the top of the tank. Using these assumptions, the baffle spacing is found using the 
equat�on below:
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     Equation 6‑2
Where:

Q = Flow rate (m3s-�)
w = Flocculator w�dth (m)
K = Minor loss coefficient (dimensionless)
v = Flow veloc�ty (0.9 x �0-6 m�/s at �5°C)
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Accord�ng to Schulz and Okun (�984), the follow�ng recommendat�ons can be used for des�gn puposes.Schulz  and Okun (�984), the follow�ng recommendat�ons can be used for des�gn puposes.e follow�ng recommendat�ons can be used for des�gn puposes. 
Velocity (0.1 - 0.3 m/s), Water depth of at least 1 m, flow rate of 10,000 m3/day or greater, �deal G values 
of �5s-� - 75s-�, flocculator tank width of 0.5 - 1m and minor loss coefficient for the 180�� bend is 3.flocculator tank width of 0.5 - 1m and minor loss coefficient for the 180�� bend is 3. 

6.4.6.3 Power input and Detention Period

In the design of hydraulic and mechanical flocculators the following factors should be taken into 
cons�derat�on:

The veloc�ty grad�ent G should be �n the range of 30 - 60 s-�;
The detent�on t�me t should be �n the range of 900 - �,�00 seconds; and
The product G.t measuring the rate of the floc formation action should be in the range of 30,000 
- �00,000.

The power P can be calculated as follows:
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 Equation 6‑3
Where:

Q = Flow through the flocculation tank (l/s)
h = Head loss in the flocculation tank (m)

It can be assigned that at the velocity head is lost when the water passes through the baffle slot, and 
that also all the veloc�ty head �s lost at all changes of d�rect�on of 90° and more. Thus, the losses can be 
calculated as follows:
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       Equation 6‑4

Where:
h = total head loss, m
n = the number of d�rect�on changes
m = the number of baffles
v� = the veloc�ty �n the channel
v� = the velocity in the baffle slot

Total head loss in a flocculation tank usually lies in the range of 150 - 600 mm.

6.4.6.4 Design Criteria

Tapered flocculation chambers are usually made up of two to three compartments in series to minimize 
short c�rcu�t�ng and the st�rrers should be counter-rotat�ng. In order to opt�m�ze the veloc�ty grad�ent, the 
stirrer in each compartment should be fitted with variable speed motors with that in the last compartment 
having infinitely variable speed facilities. The compartments should be separated by either round end 
or over and under baffles arranged to give diagonal flow in the compartment. The head loss across the 
baffle walls should produce Velocity Gradient (G) value of upto 20 s-�. Flow veloc�ty should be l�m�ted 
to 0.25m/s to minimise floc shear. The tank dimension vary according to the type with horizontal shaft 
type, the tank should be long and narrow (L:W of atleast 4:� w�th a square cross-sect�on perpend�cular to 
the direction of flow) and the depth of about 3m. The tank of the vertical shaft type must be square plan 
upto 6 x 6m. The depth �s not cr�t�cal prov�ded the st�rrer can be supported from the gear box w�thout 
hav�ng to use bottom bear�ngs. The paddle type should be l�m�ted to a depth of 4-5m whereas the turb�ne 
type could be as deep as 7m and the clearance to the floor should not be less than 500mm. The vertical 
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shaft paddle type st�rrer should have a d�ameter and paddle he�ght greater than �/3 of the plan d�mens�on 
and should have clearance to the walls not be less than 500mm. For good performance, the hor�zontal 
shaft type should have atleast 3 paddles on each d�ametr�cal arm mounted �n s�nuous channels s�nce 
short circuiting is reduced. When flocculation tanks are dedicated to individual clarifiers, measures 
should be taken to include a free fall out to prevent flocculator flow patterns being transmitted to the 
downstream clarifier and the transfer velocity should be less than 0.1m/s. however, the user is refer to 
S�ncero and Pacqu�ao (�00�) for more deta�led des�gn of the �nd�v�dual m�xers.  

6.4.7 Sedimentation

6.4.7.1 General

Sed�mentat�on �s the settl�ng and removal of suspended part�cles that takes place when water stands 
still in, or flows slowly through, a sedimentation tank. Sedimentation can be accomplished using 
horizontal flow tanks, in which the water moves from one end to the other as shown in Figure 6-8, or 
using vertical flow tanks in which the water enters at the bottom and is taken off at the top surface as 
shown �n F�gure 6-9.

Figure 6-8: Horizontal Flow Sedimentation Tank

Figure 6-9: Vertical Flow Sedimentation Tank
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6.4.7.2 Sedimentation Tank Inlets

Sedimentation tank inlets should be designed in such a way that they distribute the water flow uniformly 
among the sed�mentat�on tanks and w�th�n each �nd�v�dual tank. To ach�eve th�s, the �nlet open�ngs 
should be at least 50 mm �n d�ameter, and they should be spaced not more than 0.5 m apart. The �nlet 
flow velocity should not exceed 0.2 m/s. The inlet channel should be sized with a cross-sectional area 
of at least tw�ce the comb�ned area of the �nlet open�ngs. It should be poss�ble to close the �nlet to each 
tank for serv�c�ng and clean�ng, wh�le the other parallel tanks cont�nue �n operat�on.

6.4.7.3 Sedimentation Tank Outlets

The effluent water should leave the tank over one or more weirs which can be adjusted in level. The 
total length of the we�r (s) �n metres should be at least 0.� x A, where A �s the surface area of the 
sedimentation tank in square metres. In order to keep the residual flocs intact, the outlet velocity from 
the sed�mentat�on tank should not exceed 0.4 m/s.

6.4.7.4 Horizontal Flow Tanks

To m�n�m�ze the effects of turbulence, short-c�rcu�t�ng and bottom scour, the rat�o of length to w�dth 
should l�e between 3:� and 6:� and the effect�ve water depth should be at least � m. The tank should 
be designed with an additional volume of 25% to allow for sludge accumulation. The tank floor should 
have a gentle slope of �-3% towards a sludge collect�on hopper, placed adjacent to the �nlet end of the 
tank. For tanks receiving water that has been treated by chemical coagulation and flocculation, the 
surface load�ng should be of the order of �.0 m3/m�h and the detent�on per�od � hours.

6.4.7.5 Vertical Flow (Sludge Blanket) Tanks

The operational requirements of vertical flow (sludge blanket) tanks are so strict that they are not 
recommended for use except �n except�onal cases. They are to be used only where carefully controlled 
cont�nuous operat�on �s certa�n. The surface load�ng of the tanks should l�e �n the range of �.� to �.5 
m3/m�h and the detent�on t�me should l�e between � and 3 hours. The tank walls should be �ncl�ned at an 
angle of 45° - 60° to the hor�zontal. There should be no obstruct�ons on the walls, apart from carefully 
pos�t�oned sludge p�pes.

6.4.8 Rapid Sand Filtration

6.4.8.1 General

Rapid sand filters are used as part of a multiple-stage treatment system. They are widely used and 
most prefered option of water filtraton in Uganda because of there high capacity water production from 
smaller land areas compared to slow sand filters. Rapid sand filtration uses relatively coarse sand with an 
effective grain size in the range of 0.4 to 1.2 mm as the filter medium. The filtration rates are relatively 
h�gh, generally �n the range of 5 to �5 m3/m�/hour. Construct�on deta�ls of a typ�cal (open grav�ty type) 
rapid sand filter as shown in Figure 6-10.
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Figure 6-10: Rapid Sand Filter (Open, Gravity Type)

6.4.8.2 Design Details

Each filter unit should have a separate inlet, which can be closed for servicing and backwashing. The 
inlet should be designed in such a way that flushing and velocities exceeding 0.4 m/s do not occur. The 
surface load�ng should be of the order of 5 m3/m�h. The height between the top of the filter medium 
and the bottom of the wash-water troughs should be at least 40% of the height of the filter medium, 
to allow for the expans�on of the med�um dur�ng backwash�ng. There should be a spec�al connect�on 
to the outlet pipe, through which water filtered during the first 10 minutes after filter backwashing, is 
d�scharged to waste.

The follow�ng rules of thumb should be appl�ed �n the des�gn of the under-dra�nage system:

the ratio total area of lateral pipe orifices: area of fitter bed should be (0.0015 - 0.005):1;
the ratio area of lateral pipe: total area of orifices it serves should be (2 - 4):1;
the rat�o area of ma�n man�fold p�pe: total area of lateral p�pes �t serves �s (�.5- 3):�;
the diameter of lateral pipe orifices should be 5 - 20 mm;
the spacing of lateral pipes orifices should be 100 - 300 mm, centre to centre; and
the spac�ng of lateral p�pes should be �00 - 300 mm, centre to centre.

To prevent airbinding of the filter medium, it should be kept submerged by raising the outlet pipe to at 
least 50 mm above the top level of the med�um.

6.4.8.3 Filter Media

The filter medium should consist of a layer of quartz sand of thickness 0.7 - 1.0 m, effective size 0.5 - 1.0 
mm and a uniformity coefficient not exceeding 1.5. The medium should be supported by a bed of coarse 
mater�al (preferably gravel), wh�ch w�ll not be d�slodged by the backwash water. 

The support�ng bed can be arranged �n four success�ve layers from top to bottom as follows:

�50 mm th�ck layer gra�n - s�zes � - �.8 mm;
�00 mm th�ck layer gra�n - s�zes 5.6 - 8.0 mm;
�00 mm th�ck layer gra�n - s�zes �6 - �3 mm; and
�00 mm th�ck layer gra�n - s�zes 38 - 54 mm.
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6.4.8.4 Backwashing

The filter backwash rates required depend on the grain sizes of the filter media. Typical backwash rates 
g�v�ng about �0% med�a expans�on are g�ven �n Table 6-5.

Table 6-5: Typical Backwash Rates (m3/m2/hour)

Temperature t (°C)
Filter Media Grain Size d (mm)

0.4 
mm

0.5 
mm

0.6 
mm

0.7 
mm

0.8 
mm

0.9 
mm

1.0 
mm

1.1 
mm

1.2 
mm

Backwash Rate v m3/
m�/hour

�0°C �� �7 �� �8 34 40 47 54 6�

�0°C �4 �0 �6 33 40 48 56 64 73

30°C �6 �3 30 38 47 56 65 75 86

Where:
d = average grain size of filter sand (mm)
t = back-wash water temperature (°C)
v = back-wash rate (m3/m�/hour).

To calculate the quant�t�es of water needed for backwash�ng, �t should be assumed that the per�od for 
backwash�ng �s 8 m�nutes. Backwash�ng w�th a�r �n comb�nat�on w�th water may be used but �s not 
recommended except for b�g treatment plants operated by sk�lled personnel. The requ�red backwash 
water pressure should be determ�ned by calculat�ng the head losses �n the water del�very system and �n 
the filter. The total head loss during backwashing from the tank to the backwash water troughs can be of 
the order of 6 m. The d�stance wh�ch the wash water has to travel hor�zontally to reach the wash water 
trough, should not be more than �.5 m.

Rapid sand filters present much higher flow rates than slow sand filters; require relatively smaller areas 
of land; are less sens�t�ve to changes �n raw water qual�ty and requ�re less quant�ty of sand. The�r 
operation requires mechanical devices that need electricity for their operation. Rapid sand filters are 
generally �neffect�ve aga�nst taste and odour problems; cannot remove bacter�a; produce large volumes 
of sludge for d�sposal; requ�re h�gher operat�on and ma�ntenance cost and requ�re sk�lled operators and 
supervisors compared to slow sand filters.

6.4.9 Slow Sand Filtration

6.4.9.1 General

In slow sand filtration, a bed of fine sand is used through which water slowly percolates downwards as 
shown �n F�gure 6-��. F�ltrat�on rates are relat�vely low, �n the range of 0.� and 0.3 m/hour.

6.4.9.2 General Limitations

Slow sand filters expected to perform well if the turbidity of the raw water is less than 10 NTU. Turbidity 
exceed�ng 50 NTU �s acceptable only for a few weeks, and turb�d�ty exceed�ng �00 NTU can be tolerated 
for only a few days. A h�gh content of algae �n the raw water may also d�srupt the proper funct�on�ng 
of slow sand filters. Some forms of pre-treatment to reduce unacceptably high raw water turbidity and 
contents of algae w�ll often be necessary. Poss�ble s�mple pre-treatment methods �nclude prolonged 
storage, plain sedimentation and roughing filtration as already  been discussed.
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6.4.9.3 General Design Details

The �nlet structure should be des�gned �n such a way that the raw water �s equally d�str�buted over the 
filter bed area. To achieve this, the inlet velocity should be around 0.1 m/s and the width of the inlet 
structure should be at least (0.05 x Q) metres, where Q is the design flow in m3/h.

The minimum size of a filter unit should be 15 to 20 m�;
The surface load�ng should l�e between 0.� and 0.� m3/m�h;
The he�ght of the supernatant water should be � to �.5 m; and
The oxygen content of the water after filtration should not be less than 3 mg/l.

Generally, the following are required for the design of slow sand filter: 

Rate of filtration or surface loading should be 0.1 - 0.2 m3/m�/hr; 
The minimum size of a filter unit should be 15 to 20 m�;
The he�ght of the supernatant water should be � to �.5 m;
Determine flow capacity in the filter (water m3/day-demand); and 
Calculate filter surface area = flow capacity (m3) / rate of filtration. 

Ma�n Water Under-dra�n 

Select flow capacity and flow velocity; 
Calculate D�ameter of the under dra�n = (�� × d�) / (�8 × r); and 
Area of holes or slots to be 1.5% of area of the filter. 

As a check, the oxygen content of the water after filtration should not be less than 3 mg/l.

Figure 6-11: Slow Sand Filter-11: Slow Sand Filter
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6.4.9.4 Filter Bed

The thickness of the filter sand bed should be 1.0 - 1.4 m. The effective grain size of the sand should 
preferably lie between 0.15 and 0.35 mm, and the uniformity coefficient between 2 and 5. Ungraded 
builders� sand, locally available in most parts of Uganda, can serve quite well as filter material. A simple 
facility such as a platform for washing used filter sand, should be provided as close to the filters as 
poss�ble.

6.4.10 Sand Filters (SSF) vs. Rapid Sand Filters (RSF)

Base material: In SSF �t var�es from 3 to 65 mm �n s�ze and 30 to 75 cm �n depth wh�le �n RSF 
�t var�es from 3 to 40 mm �n s�ze and �ts depth �s sl�ghtly more, �.e. about 60 to 90 cm.
Filter sand: In SSF the effective size ranges between 0.2 to 0.4 mm and uniformity coefficient 
between �.8 to �.5 or 3.0. In RSF the effect�ve s�ze ranges between 0.35 to 0.55 and un�form�ty 
coefficient between 1.2 to 1.8.
Rate of filtration: In SSF it is small, such as 100 to 200 L/h/sq.m. of filter area while in RSF it 
is large, such as 3000 to 6000 L/h/sq.m. of filter area.
Flexibility: SSF are not flexible for meeting variation in demand whereas RSF are quite flexible 
for meet�ng reasonable var�at�ons �n demand.
Post treatment required: Almost pure water �s obta�ned from SSF. However, water may be 
d�s�nfected sl�ghtly to make �t completely safe. D�s�nfect�on �s a must after RSF.
Method of cleaning: Scrapp�ng and remov�ng of the top �.5 to 3 cm th�ck layer �s done to clean 
SSF. To clean RSF, sand �s ag�tated and backwashed w�th or w�thout compressed a�r.
Loss of head: In case of SSF approx. 10 cm is the initial loss, and 0.8 to 1.2m is the final limit 
when cleaning is required. For RSF 0.3m is the initial loss, and 2.5 to 3.5m is the final limit when 
clean�ng �s requ�red. 

The major reason why RSF is a preferred option of water filtration to SSF is rate of filtration where RSF 
is higher per filter area, flexibility where SSF are not flexible for meeting variation in demand, method 
of clean�ng where �n the case of RSF, no sand �s lost and also RSF requ�res m�n�mal land requ�rement.

6.4.11 Pressure Filters

Pressure filters are typically used with hot process softeners to permit high-temperature operation and to 
prevent heat loss. The use of pressure filters eliminates the need for repumping of filtered water. Pressure 
filters are similar to gravity filters in that they include filter media, supporting bed, underdrain system, 
and control device; however, the filter shell has no wash water troughs.

Pressure filters, designed vertically or horizon-tally, have cylindrical steel shells and dished heads. Vertical 
pressure filters range in diameter from 1 to 3m with capacities as great as 70m3/hr filtration rates of 
0.�m3/s. Horizontal pressure filters, usually 2m in diameter, are 3-8m long with capacities from 45 to 
�40m3/hr. These filters are separated into compartments to allow individual backwashing. Backwash 
water may be returned to the clarifier or softener for recovery.

Pressure filters are usually operated at a service flow rate of 0.2m3/s. Dual or multimedia filters are 
des�gned for 0.4 – 0.5m3/s. At ambient temperature, the recommended filter backwash rate is 0.4 – 
0.5m3/s for anthrac�te and 0.9 -�m3/s for sand. Anthracite filters associated with hot process softeners 
requ�re a backwash rate of 0.9 - �m3/s because the water �s less dense at elevated operat�ng temperatures. 
Cold water should not be used to backwash a hot process filter (GE power and water, water and process 
technolog�es) . Th�s would cause expans�on and contract�on of the system metallurgy, wh�ch would lead 
to metal fat�gue. Also, the oxygen-laden cold water would accelerate corros�on.

•

•

•

•

•

•

•
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6.4.12  Disinfection

6.4.12.1  General

The s�ngle most �mportant requ�rement for dr�nk�ng water �s that �t �s free from d�sease-caus�ng 
(pathogenic) micro-organisms. Processes such as storage, coagulation, flocculation, sedimentation and 
filtration reduce, to varying degrees, the bacterial content of water. However, these processes are not 
sufficient to provide bacteriologically safe water. Final disinfection is therefore needed. Disinfection 
�s often the only treatment process requ�red �n small water supply schemes, espec�ally those based on 
groundwater sources and spr�ngs. All p�ped water supply schemes serv�ng several households are to be 
des�gned w�th fac�l�t�es for d�s�nfect�ng the water before d�str�but�on to the consumers.

It �s �mportant that p�pel�nes are des�gned �n such a way as to fac�l�tate d�s�nfect�on. D�s�nfect�on �s 
needed when the pipeline is used for the first time, and later when taking the pipeline back into service 
after carry�ng out repa�rs on �t.

6.4.12.2 Chemical Disinfectants

The usage of a part�cular d�s�nfectant and �ts dosage should be carefully determ�ned, preferably 
under laboratory cond�t�ons, s�nce overdose of these could eas�ly be harmful to human be�ngs and the 
env�ronment.

6.4.12.3 Chlorine and Chlorine Compounds

Chlor�ne and chlor�ne compounds such as chlor�nated l�me (bleach�ng powder), calc�um hypochlor�te and 
sod�um hypochlor�te, are the most effect�ve and commonly used chem�cal d�s�nfectants. However, these 
compounds are bel�eved to be carc�nogen�c w�th a l�kel�hood of caus�ng cancer. Household d�s�nfectants 
such as JIK conta�n the act�ve hypochlor�te found �n the chlor�ne solut�on and could therefore be appl�ed 
�n emergency water d�s�nfect�on.

Other d�s�nfect�on methods, such as ultrav�olet l�ght and ozone may be used on small treatment plants. 
The usage of a part�cular d�s�nfectant and �ts dosage should be carefully determ�ned, preferably under 
laboratory cond�t�ons, s�nce overdose of these could eas�ly be harmful to human be�ngs and the 
env�ronment. Table 6-6 shows the d�fferent compounds and formulat�ons for chlor�ne as a d�s�nfectant.
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Table 6-6: Chlorine and Chlorine Compounds as Disinfectants.

The name and characteristics of 
disinfectant Advantages Disadvantages

Chlorine
Is appl�ed �n a gaseous form and 
requ�res the str�ctest safety measures

Efficient oxidant and 
d�s�nfectant
Effect�vely el�m�nates 
unpleasant taste and 
odors
Featured w�th aftereffects
Prevents and controls 
growth of algae, 
b�olog�cal sl�mes and 
m�crobes
Decomposes organ�c 
contam�nants (phenols, 
etc.)
Ox�d�zes �ron and 
magnes�um
Decomposes hydrogen 
sulfide, cyanides, 
ammon�um and other 
n�trogen compounds

•

•

•
•

•

•

•

Str�ct requ�rements for 
transportat�on and storage
Potent�al r�sk to health �n case 
of leakage
Format�on of d�s�nfect�on 
by-products, such as 
tr�halomethanes.
Format�on of bromates and 
brom-organ�c d�s�nfect�on 
by-products at presence of 
brom�des

•

•

•

•

Sodium hypochlorite
Is appl�ed �n a l�qu�d form (trade 
concentrat�on - �0 -��%), can 
be obta�ned on-s�te through 
electrochem�cal generat�on.

Effect�ve aga�nst 
most of pathogen�c 
m�croorgan�sms
Relat�vely safe dur�ng 
storage and use
When produced on 
s�te does m�n�m�ses 
transportat�on and storage 
of hazardous chem�cals

•

•

•

Ineffect�ve aga�nst cysts 
(G�ard�a, Cryptospor�d�um)
Loses �ts act�v�ty dur�ng long-
term storage
Potent�al danger of gaseous 
chlor�ne em�ss�on dur�ng 
storage
Produces d�s�nfect�on 
by-products, such as 
tr�halomethanes, �nclud�ng 
bromates and brom�nated 
by-products �n presence of 
brom�des
Generated on-s�te requ�res 
�mmed�ate use, or �n case of 
storage, spec�al measures to 
pur�fy water and salt heavy 
metals �ons
Generated on-s�te w�th 
concentrat�on of free 
ava�lable chlor�ne above 450 
mg/l and рн >9 accumulates 
chlorates over t�me

•

•

•

•

•

•
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The name and characteristics of 
disinfectant Advantages Disadvantages

Chlorine dioxide
On-s�te generat�on only. Commonly 
excepted as the most effect�ve 
d�s�nfectant among other chlor�ne 
conta�n�ng agents for water 
treatment at alkal�ne pH levels

Works �n small doses
Does not react w�th 
ammon�a n�trogen
Does not react w�th 
ox�d�zable compounds 
to form tr�halomethanes; 
destroys some 
tr�halomethane precursors
Destroys phenols that are 
the source of unpleasant 
taste and odor
Effect�ve ox�dant and 
d�s�nfectant for all types 
of m�croorgan�sms, 
�nclud�ng cysts (g�ard�a, 
cryptospor�d�um) and 
v�ruses
Does not react w�th 
brom�des to form bromates 
or brom�nated by-products
Improves removal of �ron 
and manganese by rap�d 
ox�dat�on and settl�ng of 
ox�d�zed compounds

•
•

•

•

•

•

•

Requ�res on-s�te generat�on 
equ�pment
Requ�res transportat�on 
and storage of inflammable 
chem�cals
Forms chlorates and chlor�tes
In contact w�th some organ�c 
mater�als and compounds 
poses un�que odor and taste

•

•

•
•

Chloramine
Is formed by m�x�ng of ammon�a 
w�th free ava�lable chlor�ne

Commonly used as 
a d�s�nfectant w�th 
prolonged act�on
Pers�stent res�dual
M�n�m�ze unpleasant taste 
and odor
Reduces level of 
tr�halomethanes and 
haloacet�c ac�d format�on
Prevents biofilms 
format�on �n d�str�but�on 
systems

•

•
•

•

•

Prov�des weaker ox�dat�on 
and d�s�nfect�on then free 
chlor�ne
Is inefficient against 
v�ruses and cysts (g�ard�a, 
cryptospor�d�um)
Requ�res �ncreased doses and 
contact t�me for d�s�nfect�on
Presents danger to �nd�v�duals 
on d�alys�s mach�nes, s�nce �t 
can pass through membranes 
�n d�alys�s mach�nes and 
�nduce ox�dant damage to 
erythrocytes
Produces d�s�nfect�on by-
products, �nclud�ng n�trogen-
based compounds and chloral 
hydrate

•

•

•

•

•

6.4.12.4 Ultra Violet (UV) radiation 

Expos�ng water to UV rad�at�on effect�vely �nact�vates var�ous m�croorgan�sms. The most common 
source of UV radiation is the coated mercury low pressure lamp. To achieve the maximum efficiency, 
the lamps must be kept clean for the exposure of the organ�sms to full �ntens�ty of the UV l�ght. UV 
rad�at�on �n water d�s�nfect�on has the follow�ng ma�n advantages:

It does not requ�re storage and transportat�on of chem�cals;
It does not form d�s�nfect�on by-products; and

�)
��)
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It �s effect�ve aga�nst cysts (G�ard�a, Cryptospor�d�um).

The d�sadvantages of the UV rad�at�on �n the water d�s�nfect�on �nclude:

no res�dual act�on;
h�gh ma�ntenance requ�rements;
h�gh �n�t�al cap�tal cost;
h�gh operat�ng (energy) cost;
d�s�nfect�ng act�v�ty depends on water turb�d�ty, hardness, b�o-foul�ng of UV lamps, wavelength 
of UV rad�at�on or power fa�lure; and
does not provides express method for measuring the efficiency of water disinfections.

6.4.12.5 Ozone Disinfection

Ozone can be produced by pass�ng an electr�c d�scharge of h�gh voltage alternat�ng current through the 
dry a�r. It has been used for several decades for taste and odor control, color removal and d�s�nfect�on. 
When ozone �s used as a d�s�nfectant, the recommended dosage �s 0.� – �.5 mg/L. 

The ma�n advantages are that:

�t �s a strong d�s�nfectant and ox�dant;
�t �s very effect�ve aga�nst v�ruses;
�t �s most effect�ve aga�nst G�ard�a, Cryptospor�d�um, and other known pathogens;
�t �s capable of enhanc�ng turb�d�ty removal under certa�n cond�t�ons;
�t �s effect�ve �n controll�ng taste and odor; and
�t does not form chlor�nated by-products.

The ma�n d�sadvantages of us�ng ozone �nclude:

product�on of d�s�nfect�on by-products: aldehydes, ketones, carboxyl�c ac�ds, brom�des –
conta�n�ng tr�-halomethanes (�nclud�ng bromoform), brom�nated by-products; brom�nated acet�c 
ac�ds; perox�des and qu�nones;
necessity to use biologically active filters to remove by-products;
does not prov�de res�dual d�s�nfect�on effect;
requ�res h�gh �n�t�al expenses for equ�pment;
significant expenses for operators training and installation support; and
react�ng w�th organ�c compounds, ozone d�s�ntegrates them �nto smaller molecules, wh�ch 
become a feed�ng med�a for m�croorgan�sms �n water d�str�but�on systems.

6.4.12.6 Boiling

Other than UV rad�at�on, bo�l�ng �s another phys�cal d�s�nfect�on method. It �s a safe process wh�ch 
destroys pathogen�c m�cro-organ�sms. Bo�l�ng �s effect�ve as a household treatment but not feas�ble for 
commun�ty water suppl�es.

6.4.12.7 Disinfection EquipmentDisinfection Equipment Equipment

Disinfectant solutions should be fed into the water by means of gravity dosers or displacement dosers. 
Dosage pumps are not recommended except in exceptional cases. Disinfection equipment depends 
greatly on the type of disinfectant. Gaseous chlorine requires the strictest of controls for both storage 
and application into the water. It is required that personnel wear or have gas masks on hand. The dosing 
arrangements are mostly proprietary, with each supplier developing their own systems for dosing and 
measuring of the output concentrations.

���)

�)
��)
���)
�v)
v)

v�)

�)
��)
���)
�v)
v)
v�)

�)

��)
���)
�v)
v)
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Figure 6 12: Chlorination Pot.

Sol�d formulat�ons requ�re to be d�ssolved �n a tank from where the concentrat�on �s controlled. The 
supernatant solut�on �s then appl�ed to the water e�ther cont�nuously through a measurement dev�ce/
orifice or through batches of water.

The bu�ld�ngs �n wh�ch chlor�ne and chlor�ne compounds are stored and appl�ed to water must be 
corros�on res�stant s�nce chlor�ne and �ts compounds are h�ghly corros�ve. Safety gear �s requ�red �n all 
�nstances where chlor�ne and chlor�ne compounds are to be used for water d�s�nfect�on. To chlor�nate 
open dug wells �n rural areas, a s�mple pot dev�ce l�ke that shown �n F�gure 6-�� can be used. The pot �s 
lowered �nto the well w�th �ts mouth open.

6.4.12.8 Contact Period and Residual Chlorine

A contact per�od of at least 30 m�nutes �n the treated water tanks and �n transm�ss�on d�str�but�on 
mains should be allowed, before the water reaches the first consumer. The residual free chlorine at the 
consumers’ taps should be �n the range of 0.3 to 0.5 mg/l.

6.4.12.9 Flow Measurements

Quantities of raw water flowing into the treatment plant can be measured using weirs and flumes which 
can also serve as the feed�ng po�nts for the chem�cal coagulants. There should also be a master (bulk) 
meter measur�ng the total quant�ty of treated water be�ng fed �nto the d�str�but�on system.

6.4.12.10  Water Treatment Using Common Salt

Chlor�ne can be produced d�rectly from a solut�on of common salt us�ng electr�c�ty, w�thout creat�ng any 
notable byproducts. Th�s pr�nc�ple has been presented by Grundfos Alldos and �s called the selcoperm 
electrolys�s. The reader �s encouraged to refer to the Grundfos manual for the appl�cat�on of th�s techn�c. 
The follow�ng react�ons take place �n the electrolyt�c cell:

2NaCl + 2H2O   2NaOH + Cl2 + H2

The chlor�ne produced reacts �mmed�ately w�th the caust�c soda solut�on also formed, result�ng �n a 
hypochlor�te solut�on:

Cl2 + 2NaOH     NaCl + NaClO + H2O
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The solut�on generated has a pH value between 8 and 8.5, and a max�mum equ�valent chlor�ne 
concentrat�on of less than 8 g/l. It has a very long half-l�fe wh�ch makes �t �deal for storage �n a buffer 
tank. After dosing the solution into the water flow, no pH value correction is necessary, as it is often 
requ�red �n electrolys�s accord�ng to the membrane pr�nc�ple. The sod�um hypochlor�te solut�on reacts 
in a balance reaction, resulting in hypochlorous acid, the efficient disinfectant:

NaClO + H2O        NaOH + HClO

The dos�ng quant�ty depends on the appl�cat�on as well as the local requ�rement. In general, the 
concentrat�on after the �nject�on un�t �s 0.3 to � ppm chlor�ne equ�valent.

The benefits of the electrolytic chlorination method

Common salt �s the base mater�al – �t �s nontox�c and easy to store.
Only water, common salt and electr�c�ty �s needed for the electrolys�s – low operat�ng costs.
Fresh hypochlor�te �s always on hand – the d�s�nfectant solut�on does not d�ssoc�ate l�ke 
commerc�al hypochlor�te solut�ons. Lower format�on of chlorate as a by-product.
Approved d�s�nfect�on method comply�ng w�th dr�nk�ng water regulat�ons – an alternat�ve w�th 
less safety requ�rements to chlor�ne-gas-based systems.
Robust and elementary components – low-ma�ntenance and a long serv�ce l�fe, compared w�th 
the membrane cell electrolys�s

The systems are a good alternat�ve to chlor�ne-gas-based systems. Key components �n the Selcoperm 
un�t �nclude an electrolys�s system, storage tanks for the saturated salt solut�on and product solut�on, 
an exhaust fan for remov�ng any hydrogen produced, and dos�ng pumps for the product solut�on. The 
concept �s rounded off w�th a measur�ng and control un�t for chlor�ne dos�ng. The electrolys�s system 
�s suppl�ed as a turn-key solut�on. Only the p�pework for the water supply, the connect�ons of the salt 
and product storage tanks as well as the exhaust p�pe have to be �nstalled. The s�ze of the storage tanks 
depends on the capac�ty level of the system and the amount of d�s�nfectant solut�on requ�red.

6.4.13   Water Treatment Plant Buildings

6.4.13.1  Workshops, Laboratories and Offices

A workshop w�th work�ng benches, shelves, lockable cab�nets and tools should be prov�ded. A laboratory 
equ�pped w�th s�nks, benches, shelves, lockable cab�nets and a laboratory k�t should also be prov�ded �n 
a separate room. The laboratory k�t prov�ded should be adequate to cater for the exper�ments that are to 
be done �n the laboratory. For small water suppl�es, some of the exper�ments may be carr�ed out from a 
larger nearby laboratory.

Workshops and laboratories should be provided with adequately designed floor drains. Offices should 
be placed some d�stance away from no�sy equ�pment such as pumps and generators, preferably �n a 
separate adm�n�strat�on bu�ld�ng. Pump houses should be des�gned cons�der�ng that the heavy pumps 
and control panels may have to be moved us�ng gantry cranes mounted on steel g�rders.

6.4.13.2 Stores

All water supply schemes should be prov�ded w�th adequately s�zed and secure stores for the storage of 
chem�cals, fuels, p�pes and other bulk mater�als. Stores for corros�ve mater�als and chem�cals should be 
able to res�st the corros�on. Explos�ve and po�sonous chem�cals such as chlor�ne should be adequately 
secured to ensure that acc�dents are m�n�m�sed and �f they occur, escape routes are clearly marked. All 
personnel should be tra�ned on the safety procedures. Safety s�gnage must be prom�nently d�splayed 
throughout the plant.

•
•
•

•

•
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6.4.13.3 Staff Houses

The requ�red numbers and types of operat�on staff houses should be determ�ned �n consultat�on w�th the 
M�n�stry of Water and Env�ronment, D�rectorate of Water and Env�ronment.

The houses should be placed some d�stance away and fenced off from treatment plant, pump�ng stat�ons 
and other publ�cly used fac�l�t�es. As much as poss�ble, staff hous�ng should be located outs�de the 
m�cro-catchment wh�ch �s the source of the raw water. Sept�c tanks, p�t latr�nes and waste dumps should 
be located such that they do not pollute the raw water source.

6.5 Miscellaneous

6.5.1 Access Roads

Adequately designed access roads should be provided to all buddings such as offices, stores and pump 
houses, etc.

6.5.2 Safety Measures and Devices

Safety measures and devices such as lighting, fencing, hand rails, fire extinguishers and first aid kits are 
to be prov�ded wherever needed. The strateg�c �mportance of water treatment fac�l�t�es must be borne �n 
the des�gner’s m�nd; all efforts to ensure that the water treatment plant �s secured and can be protected 
from �ntrus�on, acc�dents, terror�sm and sp�llage of pollutants should be expended. If these factors are 
cons�dered at the des�gn stage, �t w�ll be eas�er and cheaper to safeguard the fac�l�ty.
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7.1 General Aspects

The purpose of a transm�ss�on and d�str�but�on system of a water supply scheme �s to del�ver the r�ght 
quantity and quality of water conveniently to the demand areas. The delivery system is classified into 
two: the transm�ss�on ma�n and the d�str�but�on. Transm�ss�on ma�ns convey water from the source, 
treatment, or storage fac�l�t�es to the d�str�but�on system normally v�a a storage reservo�r. There maybe 
a few serv�ce connect�ons on the transm�ss�on ma�n, but the purpose of th�s larger d�ameter p�pe �s to 
del�ver water to the d�str�but�on ma�ns where most of the serv�ce connect�ons are. D�str�but�on ma�ns 
deliver water to individual customer service lines and provide water for fire protection through fire 
hydrants, �f appl�cable. The d�str�but�on ma�ns normally del�ver water from a storage reservo�r to the 
consumers.

The extend and rout�ng of the transm�ss�on and d�str�but�on network depends largely on the locat�on and 
character�st�cs of the demand areas to be served, the topography of the serv�ce area and the source of 
water, the quant�t�es of water to be transm�tted and the ava�lable �nfrastructure �n the area such as roads, 
underground fac�l�t�es and �nfrastructures etc. 

7.2 System Design

7.2.1 Introduction

A g�ven supply area may be best served by one large scheme or by several �ndependent smaller schemes. 
Alternat�ve systems have to be stud�ed and compared from techn�cal as well as econom�c v�ewpo�nts. 
The econom�c analyses should �nclude both the local and fore�gn exchange components of the cap�tal 
and operat�on and ma�ntenance costs over the schemes des�gn per�od. In th�s regard, a grav�ty supply 
system w�th h�gh cap�tal costs may be preferred to a pumped system w�th lower cap�tal costs but w�th 
h�gher operat�on and ma�ntenance costs �n the long term.

W�th�n a g�ven supply area, sparsely populated per�pheral and �solated h�gh areas should be stud�ed 
carefully, to determ�ne whether they could be more econom�cally served by separate systems (spr�ngs, 
wells, booster pumps, ra�n harvest�ng etc.) rather than by the ma�n supply system. The costs of the 
transm�ss�on and d�str�but�on p�pel�nes per cub�c metre of water suppl�ed w�ll generally �ncrease w�th 
the s�ze of the supply area. However, th�s �ncrease w�ll often be off-set by the decreased costs for water 
treatment and pump�ng for the larger supply area.

The most econom�cal supply area should be determ�ned un�quely for each project, as �t �s not poss�ble to 
g�ve general rules concern�ng opt�mal scheme s�zes. However, s�mple grav�ty schemes w�thout treatment 
should generally be smaller and more preferable than compl�cated schemes w�th treatment and pump�ng. 
In most cases, the construct�on of large schemes w�ll have to be done �n phases. Th�s factor should be 
cons�dered r�ght from the prel�m�nary des�gn stages, so that the schemes can be appropr�ately d�v�ded 
�nto techn�cally and econom�cally manageable schemes.

7.2.2 Pipeline Design

The purpose of p�pel�ne des�gn �s to properly control fr�ct�onal energy losses so as to move the des�red 
flows through the system, by conserving energy at some points and burning it off at other points. This can 
be accompl�shed by careful select�on of p�pe s�zes and strateg�c locat�on of control valves, break pressure 
tanks (BPT), reservo�rs, tap stands, etc. Des�gn�ng p�pel�nes requ�res the bas�c hydraul�c pr�nc�ples that 
govern the behaviour of water flowing in a closed conduit. The general procedure for designing a pipe 
network �s as follows:

WATER TRANSMISSION AND DISTRIBUTION

Chapter7
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Identification of demand points (consumer 
locations) and plotting them on a sketch 
map
Draw�ng a sketch of the p�pel�ne connect�ng 
the located consumer po�nts putt�ng �nto 
cons�derat�on h�gh po�nts (crests) and low po�nts 
(valleys); ava�lable �nfrastructure such as roads, 
propert�es etc. and future development plans of 
the area.
Determ�ne the average and peak water demands 
est�mated from the populat�ons and water use at 
each of the supply po�nts 
Carry out a topograph�c and cadastral survey 
of the supply area putt�ng part�cular emphas�s 
on the identified pipeline route and consumer 
po�nts. Change the route �f necessary �f 
topography d�ctates so.
Establishing a vertical profile in each of the pipe 
sect�ons connect�ng �mportant features such as 
junct�ons, tap connect�ons  
Us�ng the peak water demands at each supply 
po�nt and the ground levels carry out a hydraul�c 
des�gn for each of the p�pe sect�ons so as to 
determine the pipe diameter, flow rate, velocity 
of flow, static pressure and hydraulic pressure 
�n the p�pe sect�ons. Th�s can be done us�ng 
computer software.

The hydraul�c des�gn ends when all sect�ons of the 
p�pel�ne network have been allocated p�pe d�ameters, 
velocity of flow, static pressure, hydraulic pressure and 
head loses. Once the profile has been plotted and the 
final pipeline sizing completed, the design of other components of the water supply system such as the 
�ntake, reservo�r tank, tap stands, a�r valves, washout valves etc. follows. 

The costs of the transm�ss�on and d�str�but�on systems const�tute the bulk (80 – 90%) of the overall costs 
of water supply schemes. It �s therefore �mportant that the des�gn of these systems �s opt�m�zed through 
careful cho�ce of p�pe mater�als and al�gnment of the p�pel�ne routes.

7.2.3 Design Requirements for Branch Systems

The des�gn of d�str�but�on system �n a branch or dead end system �s very s�mple. The procedure �s as 
follows:-

Deta�led maps are prepared for each area show�ng the streets and the blocks of houses, parks 
etc.
A tentat�ve layout of the d�str�but�on p�pes �s then drawn along the streets and the d�str�but�on of 
flow is marked by arrows.
The position of sluice valves, fire hydrants etc. are marked.
The populat�on to be served by each sect�on of the p�pe length between two slu�ce valves and 
between junct�ons or branch�ng off po�nts �s noted aga�nst each sect�on.
Know�ng the un�t rates of demand, the quant�ty of water to be suppl�ed �n each sect�on can be 
determ�ned.
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Figure 7-1 Water Flow Transmission
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Then start�ng from the farthest end and proceed�ng towards the d�str�but�on reservo�r or the 
pump house, the total quant�ty to be carr�ed by each sect�on of the p�pe length can be summed 
on a cumulat�ve bas�s.
This gives the average flow the pipes have to carry whilst the maximum flow will be 2.5 to 3.0 
t�mes the average. Th�s depends on the supply pos�t�on also. If the town �s suppl�ed �nterm�ttently 
only, the maximum flow rate would be 4 to 5 times the average rate. To this flow, the fire demand 
and other spec�al requ�rements should then be added.
The pipe diameters are initially calculated assuming that velocities of flow generated in the pipe 
l�e between 0.6 to �.00 m/s and that they are lower �n smaller d�ameter p�pes and h�gher �n the 
larger p�pes. The recommended veloc�t�es are g�ven �n Table 7-�

Table 7-1 Guide to Distribution Velocity Vs Diameter

Pipe Diameter Range 
(mm)

Velocity Range
(m/s)

Nom. Dia.
(mm)

Velocity Range
(l/s)

Small, DN 50 - ��0 0.60 - �.00

50
65
80

�00
��0

� – �
� – 3
3 – 5
5 – 8

6 - �0

Med�um, DN ��5 - �50 �.00 - �.50

��5
�50
�00
��5
�50

�0 – �8
�8 – 30
30 – 45
40 – 60
50 - 80

Large, DN 300 - 500 �.�0 - �.00

300
350
400
450
500

80 – �40
��0 – �90
�50 – �50
�90 – 300
�50 - 400

Because �nternal d�ameters d�ffer depend�ng on p�pe, these values should be used only as an �n�t�al gu�de, 
the select�on to be rev�ewed once the p�pe mater�al �s known.For larger p�pe d�ameters the manufacturers 
recommended values should be taken.Based on the flow and velocity criteria, the tentative pipe sizes 
are selected. Thus the pipes are selected for the first round trial.Once the diameter of the pipes, the 
velocity of flow and the length are known, the head lost due to friction in the pipe can be found by 
a su�table fr�ct�on loss formula. Because apply�ng th�sformula and gett�ng the fr�ct�on loss �n every 
sect�on of a large d�str�but�on system �s very ted�ous and cumbersome, d�scharge tables show�ng fr�ct�on 
losses can be used or preferably a computer spreadsheet. If the latter �s used then the preferred formula 
�s that of Colebrook-Wh�te as a s�mple �terat�ve procedure bu�lt �nto the spreadsheet w�ll perform the 
calculat�on.

Thus after gett�ng the head lost due to fr�ct�on �n var�ous p�pe lengths, the res�dual pressures rema�n�ng 
throughout the network can be calculated by deduct�ng these from the �n�t�al pressure head ava�lable at 
the distribution reservoir. These should be sufficient for the water to reach the highest and/or farthest 
po�nt of supply w�th the m�n�mum res�dual pressure. If th�s �s not ach�eved then a next larger d�ameter �n 
any sal�ent sect�on should be assumed. If the res�dual pressure �s very h�gh than p�pe d�ameters �n those 
and preced�ng sect�ons should be decreased so that a comb�nat�on �s ach�eved for an econom�cal system. 
Several tr�als �n computat�on may be necessary to ach�eve th�s.

A final computation is then required once the detailed design of the system is nearing completion, and 
particularly where thermoplastic pipes are included, the final wall thickness have been determined.

v�)

v��)
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7.2.4 Economic Pipe Sizing

Econom�c p�pe s�z�ng a�ms at supply�ng the max�mum number of consumers at the lowest poss�ble cost. 
In pract�ce, th�s can be ach�eved by observ�ng the follow�ng rules:

Storage (balanc�ng) reservo�rs should be �ncorporated �n the systems, �n order to cut down on 
pipelines designed for peak hour flows. The positions and capacities of the reservoirs should be 
determ�ned after perform�ng appropr�ate analyses a�med at m�n�m�z�ng system costs;
A p�pel�ne travers�ng a g�ven supply area, should be des�gned w�th adequate capac�ty to carry the 
Peak Hour Demand requ�red at the supply area plus the “Max�mum Day demand”. Determ�nat�on 
of demand �s covered �n Chapter � on Water Demand;
Stat�c pressures should be kept as low as poss�ble, by break�ng the pressure preferably �n the 
storage (balanc�ng) reservo�rs or �n spec�al break-pressure tanks. Pressure reduc�ng valves are 
not recommended except �n except�onal cases;
To avo�d a�r pockets, the numbers of pronounced h�gh and low po�nts should be kept to the 
m�n�mum, by try�ng to follow the contour l�nes of the terra�n rather than follow�ng roads and 
tracks. Th�s calls for the act�ve part�c�pat�on of the des�gner �n the survey of the p�pel�ne routes; 
and
In order to m�n�m�ze the number of a�r-valves and washouts, p�pel�ne excavat�on depths should 
be var�ed to avo�d local h�gh and low po�nts. 

In general, the most econom�c p�pe d�ameter w�ll be large �n the follow�ng c�rcumstances:

When energy costs are relat�vely h�gh; and
When costs per l�near meter of p�pel�ne are low when �nterest rates on cap�tal are low.

The costs of transm�ss�on and d�str�but�on systems are more sens�t�ve to the total lengths of the p�pel�nes 
�nstalled than to the s�zes of the p�pel�nes. Therefore, �t �s advantageous to des�gn systems (or the major 
components of the systems) at once to meet the projected “Ult�mate” Year demands.

In the des�gn of water d�str�but�on system, a number of software may be used �nclud�ng EPANET, 
WaterCAD etc. One of the most commonly used and freely ava�lable software for the des�gn of water 
d�str�but�on system �s EPANET. EPANET software can be obta�nable onl�ne from http://www.epanet.de/ 
[accessed Wednesday, ��th Apr�l, �0��].

EPANET �s a computer�zed s�mulat�on model des�gned to meet the need to understand movement and 
transformat�ons that treated water undergo �n a d�str�but�on system. The model pred�cts the hydraul�c 
and water qual�ty behav�our over an extended per�od of t�me. F�gure 7-� shows the phys�cal components 
�n water d�str�but�on system.

Figure 7-2: Physical Components in Water Distribution System
Source: EPANET User’s Manual, 2000
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The follow�ng steps are followed when us�ng EPANET to model a water d�str�but�on system:

F�rst and foremost, the network representat�on of the d�str�but�on system �s drawn; alternat�vely, 
the basic description of the network placed in a text file can also be imported. EPANET uses 
var�ous types of objects wh�ch can be accessed e�ther d�rectly on the network map or from the 
data page of the browser window to model a distribution system. The objects are classified 
as: Nodes (Junct�ons, Reservo�rs, and tanks), L�nks (p�pes, pumps, Valves), Map labels, T�me 
patterns, Curves and Controls (S�mple or Rule based controls);
Us�ng the property ed�tor, the propert�es of the objects that make up the system are ed�ted. Th�s 
�nvolves ed�t�ng the propert�es of the v�sual (p�pes, pumps, valves, tanks). To ed�t an object, the 
object on the map �s selected then ‘Ed�t’ on the data browser �s cl�cked;
The next step �s to descr�be how the system �s operated. The non – v�sual objects (curves, t�me 
patterns and controls) are ed�ted us�ng spec�al ed�tors that control the�r propert�es;
Analys�s opt�ons are then selected. After su�tably descr�b�ng the network, �ts hydraul�c and water 
quality behaviour can be fully analysed. The five options that control how EPANET analyzes a 
network are Hydraul�cs, Qual�ty, T�mes, React�ons and Energy. These opt�ons are selected from 
the data browser or the menu bar from the project menu;
A water qual�ty/hydraul�c analys�s �s run by select�ng the project then runn�ng analys�s on the 
standard tool bar. The analys�s �s ended by cl�ck�ng OK; and
The results of the analys�s can be v�ewed on the network map as graphs or �n tables or as spec�al 
reports.

7.2.5 Hydraulic Calculations

7.2.5.1 Introduction

Once the flow rate to be conveyed by each pipe section, the length of the pipe and the ground levels 
of the p�pe sect�ons are determ�ned, the hydraul�c parameters of the p�pe sect�on can be calculated by 
apply�ng hydraul�c formulae. Hydraul�c calculat�ons are carr�ed out by appl�cat�on of the p�pe fr�ct�on 
head loss equat�ons.

7.2.5.2 Hardy Cross Method

The Hardy Cross method is an iterative method for determining the flow in a pipe network system 
where the inputs and outputs are known, but the flow inside the network is unknown. The method was 
publ�shed by Hardy Cross �n November �936 and was an adaptat�on of the Moment d�str�but�on method. 
The appl�cat�on has been replaced by complex computer solv�ng algor�thms l�ke Newton-Raphson 
and others but can be used to check the results from such methods. The Hardy Cross method appl�es 
continuity of flow and potential to iteratively solve for flows in a pipe network using Hazen - Williams 
or Darcy - We�sbach equat�ons. The general formulae prov�ded by Hazen – W�llam from wh�ch head 
loss can be computed �s;  

 

 

 

 

 

 

 

    Equation 7‑1
Where V is pipe flow velocity, k is a conversion factor (0.849 for SI units), C roughness coefficient R 
hydraul�c rad�us and S the slope of the energy l�ne.

  
 

 

 

 

 

 

 

     Equation 7‑2
Where hf is head loss and L is pipe length. Also from continuity of flow equation
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     Equation 7‑3

Where Q is pipe flow, A is the pipe cross section area and d the pipe diameter

The complete der�vat�on of hf from Hazen-W�ll�am equat�on w�th C values are g�ven �n Append�x 6. 
However, for simplified calculation of head loss, the  equation below can be used, where n is taken as 2.

 

 

 

 

 

 

 

 

  Equation 7‑4
In Hardy Cross balance of heads method, continuity of flow at each node is iteratively satisfied given 
initial flow conditions and then the flows are balanced until continuity of potential is also achieved over 
each loop �n the system. 

For a given network, an initial pipe flow value Qo is assumed such that the law of continuity is satisfied 
at each junction. The initial flow value selected will determine the number of iterations to be made. For 
each loop, the head losses hf are determ�ned clockw�se and counter-clockw�se and the summat�on should 
be zero. 

The assumed flows should then be corrected using ∆Q as shown below and added to the initial guess 
until there is no significant change. 

  

 

 

 

 

 

 

 

   Equation 7‑5
7.3 Walking Distance to Water Points

7.3.1 Rural Areas

Generally �n the rural areas, the d�stance from 90% of the households to the nearest pr�mary or 
secondary p�pel�ne should not exceed �.5 km. However, local cond�t�ons such as the terra�n, the spac�ng 
of settlements and tracks and others may necess�tate adjustments to th�s gu�del�ne, �n order to serve the 
max�mum number of people �n the most effect�ve way.

7.3.2 Urban Areas

In urban areas, p�pel�nes should follow roads and streets as much as �s poss�ble. Presence of other 
underground infrastructure such as telephone cables, electricity cables, fibre optic system and sewers 
should always be ant�c�pated and catered for �n the earl�er stages of select�ng the p�pe route.

7.4 Pipes

7.4.1 Materials Selection

P�pe mater�als commonly used �n Uganda �nclude duct�le �ron (DI), steel, galvan�zed steel (GS), asbestos 
cement (AC), un-plast�c�sed polyv�nyl chlor�de (uPVC) and polyethylene (PE).

The suitability of a given pipe type for a particular application is influenced by the following factors:

Its ava�lab�l�ty on the market �n respect of s�zes and pressure classes; 
Its cost price and that of its associated valves and fittings;
Suscept�b�l�ty to corros�on, mechan�cal damage, age�ng and other causes of mater�al deter�orat�on; 
and
Storage costs.
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Corros�on aspects should be cons�dered carefully �n the process of p�pe mater�al select�on. For steel 
and �ron p�pes, external corros�on can pose a much greater problem than �nternal corros�on. The same 
const�tuents that affect p�pes from the �ns�de can also attack from the outs�de. So�l res�st�v�ty and corros�on 
have a close relat�onsh�p and so�l res�st�v�ty values of less than 7 Ohm-m �nd�cate h�ghly corros�ve so�l 
cond�t�ons. In such cond�t�ons, spec�al protect�ve measures such as cement mortar or coal-tar l�n�ngs and 
coat�ngs, or cathod�c protect�on should be prov�ded as recommended by the p�pe manufacturers.

DI, GS and steel p�pes are strong, and they are the p�pes of cho�ce for very h�gh operat�ng pressures and 
for large size pipelines exceeding 300 mm in diameter. However, the costs of fittings and valves increase 
rap�dly w�th h�gher p�pe pressure classes. It �s therefore necessary to keep reduc�ng p�pe pressures through 
the prov�s�on of break-pressure tanks or pressure release valves wherever appropr�ate. These p�pes have 
a further advantage that unauthor�zed tapp�ng from DI, GS and steel p�pel�nes �s not easy.

Owing to the health hazards associated with the inhalation of asbestos fibres during the manufacture 
and �nstallat�on of AC p�pes they are no longer used for domest�c water suppl�es. uPVC p�pes have 
the advantage of easy handl�ng and �nstallat�on and also h�gh corros�on res�stance. However, the 
p�pes suffer some loss �n strength when exposed to d�rect sunl�ght, and care should therefore be taken 
to keep them sheltered when they are �n the open. uPVC p�pes are also eas�ly damaged by careless 
handl�ng and transportat�on. The p�pes are manufactured �n several classes to sat�sfy d�fferent des�gn 
and operat�onal pressures and they are generally most su�table for use �n small s�ze p�pel�nes of 
d�ameters not exceed�ng �60 mm. These p�pes have a d�sadvantage that unauthor�zed tapp�ng from 
UPVC p�pel�nes �s qu�te easy.

Polyethylene �s very su�table for small-d�ameter p�pel�nes because �t can be suppl�ed �n rolls, thus 
reduc�ng the numbers of the jo�nts and bends requ�red. PE p�pes are suppl�ed as H�gh Dens�ty (HDPE) 
or med�um dens�ty (MDPE). HDPE �s preferable although �t �s suppl�ed at a h�gher cost. Polyethylene 
does not deter�orate when exposed to d�rect sunl�ght. However, they are not su�table �n rocky ground as 
they can be suscept�ble to damage. The pressure rat�ngs for PE p�pes should be adhered to str�ctly as they 
show a h�gh rate of p�pe bursts. These p�pes l�ke uPVC have a d�sadvantage that unauthor�zed tapp�ng 
from polyethylene p�pel�nes �s qu�te easy.

7.4.2 Pipe Sizes

Table 7-2 Pipe Sizes Available in Uganda

Pipe Types Sizes (mm)

uPVC 63, 90, ��0, �60, �00, �50, 3�5, 400 

PE �0, �5, 3�, 40, 50, 63, 75, 90, ��0, ��5, �40 

GS and steel �5, �0, �5, 3�, 40, 50, 65, 80, �00, �50, �00, �50, 300

Table 7-3: Polyethylene Pipes Commonly Used in Uganda
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Outside 
Diameter Pressure Rating

(mm) PN 2.5 PN 4 PN 6 PN 10 PN 16
Inside Diameter (mm)

�0 �6.0 �4.4
�5 ��.0 �0.4 �8.0
3� �8.0 �6.� �3.�
40 36.0 35.4 3�.6 �9.0
50 46.0 44.� 40.8 36.�
63 59.8 58.� 55.8 5�.4 45.8
75 7�.� 69.� 66.4 6�.4 54.4
90 85.6 83 79.8 73.6 65.4

��0 �04.6 �0�.6 97.4 90.0 79.8
��5 ��8.8 ��5.4 ��0.8 �0�.� 90.8
�40 �33.0 ��9.� ��4 ��4.6 �0�.6
�60 �5�.0 �47.6 �4�.8 �30.8 ��6.�

7.4.3 Pipe Friction Losses

The procedure of determ�nat�on of p�pe fr�ct�on loses �s what culm�nates �nto hydraul�c des�gn of a p�pe. 
Th�s procedure should be carr�ed out �n every sect�on of the p�pel�ne. The outcome of th�s procedure 
is the selection of pipe diameter that meets the head lose, pressure and flow design criteria. Pipe 
manufacturers usually prov�de p�pe fr�ct�on loss data e�ther �n tables or, more commonly, �n form of 
charts (nomographs). The data prov�ded �s for new p�pes and �t �s prepared w�th no cons�derat�on for the 
follow�ng:

Changed �nternal p�pe wall roughness over t�me
Additional head losses caused by the valves and fittings installed in the pipeline.

P�pe d�ameter and the hydraul�c pressure �n a p�pe are der�ved from the fr�ct�on losses �n the p�pe. To 
calculate fr�ct�on losses �n ord�nary transm�ss�on and d�str�but�on p�pel�nes, �t �s recommended that the 
follow�ng emp�r�cal formulae be used:

Colebrook – Wh�te (Un�versal) formula;
Darcy – We�sbach formula; or
Hazen – W�ll�ams formula.

Friction losses in individual valves and fittings can be calculated separately from charts given in Chapter 
8 – “Water Pump�ng”.

7.4.4 Pipe Cover and Slopes

P�pel�nes should be la�d �n stra�ght l�nes between changes �n grad�ent, and p�pel�ne slopes should at no 
place be less than 0.5%. Local h�gh po�nts where a�r pockets can develop �n a p�pel�ne, w�thout hav�ng 
the chance of be�ng released, must be avo�ded. To m�n�m�ze changes �n p�pel�ne slopes, p�pe cover can 
be var�ed from a m�n�mum of 0.6 m to a max�mum of 3 m. However, the m�n�mum cover over p�pel�nes 
la�d below road surfaces and reserves should be 0.9 m. Such p�pel�nes should be la�d and protected �n 
the manner requ�red by the M�n�stry respons�ble for road works.

•
•

�.
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7.4.5 Pumping Mains

Water hammer/ surge must be taken �nto cons�derat�on when des�gn�ng pump�ng ma�ns. For uPVC 
p�pes, the total pressure var�at�ons from m�n�mum to max�mum should not exceed 50% of the nom�nal 
work�ng pressure of that p�pe class. The most econom�cal p�pe d�ameter for a pump�ng ma�n should 
be determ�ned through appropr�ate econom�c analyses. For prel�m�nary est�mates however, the most 
economical size of a long pumping main can be found using a velocity of flow of 0.8 m/s in the main. 
The des�gn of short suct�on and d�scharge p�pe work �nstallat�ons �n pump�ng stat�ons should be done as 
expla�ned �n Chapter 8 – “Water Pump�ng”.

7.4.6  Pipeline Pressures

In general, the m�n�mum pressure �n the sect�ons of a p�pel�ne where consumer serv�ce connect�ons 
w�ll be made should be �00 Pa (�0 meters of water head). However, �n determ�n�ng th�s m�n�mum 
pressure, the elevat�ons of the surround�ng areas to be served from the p�pel�ne must also be taken �nto 
cons�derat�on. The stat�c pressure �n p�pel�nes hav�ng consumer serv�ce connect�ons should not be more 
than 600 Pa (60 meters of water head) unless the terra�n makes h�gher pressures unavo�dable. Whenever 
the stat�c pressure �n the p�pel�ne sect�on gets to �00 m prov�s�on for break�ng the pressures such as break 
pressure tanks should be made. Serv�ce pressures h�gher than 600 Pa may necess�tate the prov�s�on of 
special fittings, bail valves and stop valves in the consumer service connection lines.

7.4.7  Residual Pressure

In des�gn�ng the d�str�but�on system, m�n�mum pressure at a publ�c k�osk or yard tap should be atleast 
�0meters but not more than �5 metres. Publ�c supply po�nts fed from pump�ng ma�ns should be kept to 
a m�n�mum w�th small balanc�ng tanks prov�ded off the pump�ng ma�n wherever pract�cable from wh�ch 
several adjo�n�ng publ�c taps are then suppl�ed. In undulat�ng terra�n, upto �50 metres pressure may be 
allowed. For stor�ed bu�ld�ng owners or occup�ers,�nd�v�dual arrangements for boost�ng the water where 
the pressure is not sufficient should be made. The pressure required for fire fighting at the hydrant should 
not be less than �5 metres and should not be more than 60 metres �n the ma�ns. 

7.4.8  Water Hammer / Surge

Water hammer (surge) is a phenomenon which occurs frequently in pressure pipelines, and can be defined 
as the per�od�c pressure osc�llat�ons wh�ch move back and forth along a p�pel�ne. The phenomenon can 
be caused by clos�ng or open�ng a valve, start�ng or stopp�ng of a pump or when any other operat�ng 
cond�t�ons �n the p�pel�ne change. In such c�rcumstances, the water column �n the p�pel�ne may not adapt 
to the new cond�t�ons �mmed�ately, and dur�ng the �nter�m per�od, d�fferent parts of the water column 
w�ll coll�de w�th each other v�olently. Water hammer �s usually recogn�zed by a bang�ng or thump�ng �n 
water l�nes.

The causes of water hammer are var�ed. There are, however, four common events that typ�cally �nduce 
large changes �n pressure:

Pump start-up can �nduce the rap�d collapse of a vo�d space that ex�sts downstream from a 
start�ng pump. Th�s generates h�gh pressures;
Pump power failure can create a rapid change in flow, which causes a pressure upsurge on the 
suct�on s�de and a pressure down-surge on the d�scharge s�de. The down surge �s usually the 
major problem. The pressure on the d�scharge s�de reaches vapour pressure, result�ng �n vapour 
column separat�on;
Valve open�ng and clos�ng �s fundamental to safe p�pel�ne operat�on. Clos�ng a valve at the 
downstream end of a p�pel�ne creates a pressure wave that moves toward the reservo�r. Clos�ng a 
valve �n less t�me than �t takes for the pressure surge to travel to the end of the p�pel�ne and back 
�s called “sudden valve closure”. Sudden valve closure w�ll change veloc�ty qu�ckly and can 
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result �n a pressure surge. The pressure surge result�ng from a sudden valve open�ng �s usually 
not as excess�ve; and
Improper operat�on or �ncorporat�on of surge protect�on dev�ces can do more harm than good. 
An example �s over s�z�ng the surge rel�ef valve or �mproperly select�ng the vacuum breaker-a�r 
rel�ef valve. Another example �s to try to �ncorporate some means of prevent�ng water hammer 
when �t may not be a problem.

Figure 7-3: Water Hammer Concept

The cruc�al factors �n determ�n�ng water hammer (surge) pressures are as follows:

p�pel�ne length;
profile of the pipeline route; and
water flow velocity in the pipeline.

Water hammer pressures are often the most cr�t�cal factor �n the des�gn of pressure p�pel�nes. The r�sk of 
damage to p�pel�nes by water hammer pressures makes �t necessary to �nstall surge tanks or accumulator 
tanks or to follow spec�al operat�ng procedures to m�n�m�ze th�s r�sk. However, �n many cases the most 
econom�cal solut�on may be to use p�pes of h�gher pressure classes than would normally be requ�red.

The elast�c�ty modul� and Po�sson’s rat�os of d�fferent types of p�pe are g�ven �n Table 7-3. The values 
of the factor $ for uPVC and steel p�pes are shown �n Table 7-4.
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Table 7-4  Elasticity Moduli and Poisson’s Ratios

Material Elasticity Modulus
Ep N/mm2 Poisson’s ratio

Un-plast�c�sed Polyv�nyl Chlor�de 
(uPVC) 3 x �03 0.5

Polyethylene (Low Dens�ty) (P.E.L) 0.�5 x �03 0.5

Polyethylene (H�gh Dens�ty) (P.E.H) 0.8 x �03 0.5

Galvan�sed Steel (G.S) ��0 x �03 0.3

Asbestos Cement (A.C) �5 x �03 0.�

Cast Iron (C.I) �00 x �03 0.3

Duct�le Iron (D.I) �70 x �03 0.3

Water �07 x �03 -

Table 7-5  Factor $ for uPVC Pipes

Pressure Class Nominal outside 
diameter (mm)

uPVC Pipes
Celerity, C, (m/s)

Factor
$

A 
(P=0.6 MPa)

≤ 160 �95 30
>�60 �73 �8

B
(P=0.9 MPa)

≤ 160 355 36
>�60 33� 34

C
(P=�.� MPa)

≤ 160 399 4�
>�60 378 39

D
(P=�.5 MPa)

≤ 160 444 45
>�60 4�9 43

Steel Pipes
Nominal diameter
(mm)

Heavy Ser�es L�ght Ser�es

Celer�ty, C (m/s) Factor, $ Celer�ty, C, (m/s) Factor, $

50 �,345 �37 �,303 �33
65 �,3�4 �35 �,�87 �3�
80 �,3�0 �34 �,�67 ��9
�00 �,30� �33 �,�48 ��7
��5 �,�76 �30 - -
�50 �,�53 ��8 - -
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7.4.9 Practical Solutions to Water Hammer

7.4.9.1 Introduction 

The surge pressure must be �ncorporated w�th the operat�ng pressure �n the des�gn of the p�pe. The 
follow�ng are some tools to reduce the effects of water hammer (Lahlou, �003).

7.4.9.2 Valves

Water hammer often damages centr�fugal pumps when electr�cal power fa�ls. In th�s s�tuat�on, the best 
form of prevent�on �s to have automat�cally-controlled valves, wh�ch close slowly. (These valves do the 
job without electricity or batteries. The direction of the flow controls them.) Closing the valve slowly 
can moderate the r�se �n the pressure when the down-surge wave—result�ng from the valve clos�ng—
returns from the reservo�r.

Entra�ned a�r or temperature changes of the water can be controlled by pressure rel�ef valves, wh�ch 
are set to open w�th excess pressure �n the l�ne and then closed when pressure drops. Rel�ef valves 
are commonly used �n pump stat�ons to control pressure surges and to protect the pump stat�on. These 
valves can be an effect�ve method of controll�ng trans�ents. However, they must be properly s�zed and 
selected to perform the task for wh�ch they are �ntended w�thout produc�ng s�de effects.

If pressure may drop at h�gh po�nts, an a�r and vacuum rel�ef valve should be used. All downh�ll runs 
where pressure may fall very low should be protected w�th vacuum rel�ef valves. Vacuum breaker-a�r 
release valves, �f properly s�zed and selected, can be the least expens�ve means of protect�ng a p�p�ng 
system.

A vacuum breaker valve should be large enough to admit sufficient quantities of air during a down-
surge so that the pressure �n the p�pel�ne does not drop too low. However, �t should not be so large that �t 
conta�ns an unnecessar�ly large volume of a�r, because th�s a�r w�ll have to be vented slowly, �ncreas�ng 
the downt�me of the system. The s�z�ng of a�r release valves �s, as ment�oned, cr�t�cal.

7.4.9.3 Pumps

Pump start-up problems can usually be avoided by increasing the flow slowly to collapse or flush out 
the vo�ds gently. Also, a s�mple means of reduc�ng hydraul�c surge pressure �s to keep p�pel�ne veloc�t�es 
low. Th�s not only results �n lower surge pressures, but results �n lower dr�ve horsepower and, thus, 
max�mum operat�ng economy.

7.4.9.4 Surge Tanks

In long p�pel�nes, surge can be rel�eved w�th a tank of water d�rectly connected to the p�pel�ne called a 
“surge tank.” When surge �s encountered, the tank w�ll act to rel�eve the pressure, and can store excess 
liquid, giving the flow alternative storage. Surge tanks can serve for both positive and negative pressure 
fluctuations. These surge tanks can also be designed to supply water to the system during a down-surge, 
thereby prevent�ng or m�n�m�z�ng vapour column separat�on. However, surge tanks may be an expens�ve 
surge control dev�ce.

7.4.9.5  Water Hammer Estimation

To avo�d compl�cated hydraul�c surges, apexes on a r�s�ng ma�n should be avo�ded or m�n�m�zed. The 
best profile for a rising main is a concave profile along the longitudinal section of the rising main. The 
flow velocity in the rising main should be kept as low as possible since the surge pressure is a function 
of the flow velocity. Other important factors besides pipeline profile is pipeline length. The maximum 
surge for a s�ngle c�rcular p�pe w�thout d�ameter change along �ts lengthcan be calculated us�ng the 
eguat�on 7-6.
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    Equation 7‑6

Where: v = average flow velocity, before rapid stoppage or closure in m/s, 
cp =surge wave veloc�ty; wh�ch normally ranges between 600 - ��00 m/s depend�ng on 
phys�cal character�st�c of the ma�n

 

 

 

Where
cw = celer�ty (speed) of the pressure wave �n a column of water – �4�5 m/s;
Ew = the bulk modulus of water =��30 N/mm� at 30oC;
Ep = modulus of elast�c�ty of p�pe wall mater�al �n N/mm� (Table 7-4);
g = accelerat�on due to grav�ty (9.8�m/s�);
d = mean d�ameter of p�pe (m); and
t = p�pe wall th�ckness (m).

Abrupt pump stoppage can be avoided by fitting a pump with a heavy flywheel designed such that 
the pump still has some rotation at the end of the reflection time. A flywheel that is oil filled and can 
be adjusted to rotate the pump at a speed equal to or slower than that of the motor. Th�s can be useful 
dur�ng the early years of a scheme when demand �s les than max�mum as �t avo�ds the need for expens�ve 
var�able speed motors. It has the added advantage that �t can cons�derably reduce the magn�tude of the 
surge wave.

Where ram pumps are �nstalled, a pressure rel�ef valve shall be �nstalled on or after �mmed�ately the pump 
and before the valves ment�oned above unless arrangements have been made by the manufacturer.

The surge tank des�gn and locat�on depends on the results of the hydraul�c trans�ent analys�s as each 
system w�ll have d�fferent character�st�cs. Deta�led surge analys�s us�ng hydraul�c model�ng can be used 
to confirm if additional surge protection is required to prevent water hammer and column separation. 
After hydraulic modeling, surge protection and control features are identified basing on the system 
character�st�cs. These �nclude pump control valves, check valves, surge rel�ef valves, a�r valves and 
surge tanks. The two types of surge control tanks used �n des�gn are compressed- a�r- over water surge 
control system and bladder surge control system. Both tanks el�m�nate trans�ent pressure �n the system 
and can be used for protect�ng the transm�ss�on ma�ns.

7.4.9.6 Air Chambers

A�r chambers are �nstalled �n areas where water hammer �s encountered frequently, and are typ�cally seen 
behind sink and tub fixtures. Shaped like thin, upside-down bottles with a small orifice connection to the 
pipe, they are air-filled. The air compresses to absorb the shock, protecting the fixture and piping.

7.5.  Air Valves

7.5.1 General

The peaks or crests �n a p�pe network and hence the number of a�r valves on a p�pel�ne should be kept 
to the m�n�mum. Also the quant�t�es of a�r �n a p�pel�ne should be l�m�ted by prevent�ng a�r entry �nto 
the p�pel�ne.

The development of air pockets in a pipeline can cause major blockages to the flow of water in pipelines. 
A�r pockets �n a p�pel�ne are caused ma�nly by:
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Low pressure head �n the p�pel�ne; and
H�gh po�nts �n the p�pel�ne, where the pressure head decreases relat�ve to the hydraul�c grad�ent 
as shown �n F�gure 7-4.

It �s �mportant to note that the h�gh po�nts are determ�ned �n relat�on to the hydraul�c grad�ent for the 
p�pel�ne, rather than �n relat�on to the ground elevat�ons.

A�r valves serve three ma�n purposes as follows:

To release air from a pipeline during the filling process, use large orifice valves;
To release air from a pipeline during normal operation, use small orifice valves; and
To allow air to enter into a pipeline in order to prevent the occurrence of a vacuum, use 
large orifice valves.

A�r valves should be equ�pped w�th �solat�ng (gate) valves, to fac�l�tate the removal and repa�r of the 
valves. 

7.5.2 Small Orifice Air Valves

On pipelines of diameters equal to or larger than 100 mm, small-orifice air valves should be placed at 
all high points relative to the horizontal. On smaller pipelines, small-orifice air valves should be placed 
only at “pronounced” h�gh po�nts and �f at such po�nts the a�r cannot alternat�vely be released through 
consumer serv�ce connect�ons. In th�s context, a h�gh po�nt �s cons�dered to be “pronounced” �f �t stands 
more than �0 m h�gher than the low po�nts �mmed�ately upstream or downstream of that po�nt. A small-
orifice air valve may also be required at the point where a steeply rising pipeline abruptly changes to 
follow a far milder slope. If a long stretch of pipeline has no pronounced high points a small-orifice 
a�r valve should also be �nstalled at least after every k�lometre. Th�s �s espec�ally �mportant when the 
pressure along the pipeline is decreasing, allowing dissolved air to form air bubbles. A valve orifice size 
of � mm �s normally adequate for p�pel�ne d�ameters of up to 300 mm.

7.5.3 Large Orifice Air Valves

Large- orifice air valves should be installed at pronounced high points on pipelines equal to or larger 
than �00 mm and at �ntervals of not more than � km. A valve �nlet p�pe d�ameter of 50 mm �s normally 
adequate for pipeline diameters of up to 400 mm. At a point where a small-orifice air valve and a large-
orifice air valve would coincide, a double-orifice air valve combining both a small-orifice air valve and 
a large orifice valve should be installed instead.

7.5.4 Single and Double Orifice Air Valves

Double orifice act as air release valves with sizes from 50 mm to 200 mm and allow release of air when 
water is flowing. The air release valve are fitted with small and large orifice.  The air release valve is 
fitted with a cast-iron or stainless steel body, stainless steel or fibreglass balls, integral shut-off valve 
and flanged ends.  The valve is equipped with an anti-shock facility. The valve is suitable for maximum 
pressure of �600 kPa.

Single orifice air release valves for main water lines with sizes from 25 mm to 50 mm and allow air 
accumulated at specific points in the pipeline to leave when water starts flowing. The air release valve 
is fitted with a small orifice, cast-iron or stainless steel body, fibre glass or stainless steel ball float with 
threaded �nlet. When the valve �s �nstalled, a shut-off valve �s �nstalled on the �nlet s�de.  The valve �s 
equ�pped w�th an ant�-shock fac�l�ty. The valve �s su�table for max�mum pressure of �600 kPa.

Single orifice double purpose air release valves for domestic water lines up to 15 mm. The air release 
valves are fitted with a stainless steel float, brass or cast steel body with an integral shut-off valve fitted. 
The valve �s capable of w�thstand�ng a work�ng pressure of �000 kPa at ��0 °C.

�)
��)

i.
ii.
iii.
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7.5.5 Alternatives to Air Valves

In cases where �t �s appropr�ate, a�r valves can be replaced w�th connect�ons to pr�vate consumers or 
public water points or with rising branch pipelines. During the filling of a pipeline, washouts can also 
serve as a�r release po�nts.

7.5.6 Side Vents

S�de vents can be used where there �s a poss�b�l�ty of allow�ng water from the pressure s�de to the 
suct�on s�de dur�ng pump shut off process. These vents have an electr�cal control mechan�sm to allow 
compressed air to influence slow opening and closing of the by-pass. This would enable correct control 
of the open�ng and clos�ng t�me and the small dynam�c pressure �ncreases would ensure that the check 
valve closes gently. However, the rel�ab�l�ty of the operat�on ent�rely depends on the control of the 
open�ng and clos�ng t�me. Th�s control process therefore requ�res an operator and there �s energy loss 
through the reverse flow of the discharged water quantity. The diameter DN of the vent can be sized 
from around 0.3 up to 0.5D. 

7.5.7 Controlled End Valve Closing

This is similar to the side vent but an additional backflow isolator is provided to reverse the pump speed 
not to r�se above perm�ss�ble l�m�ts. The add�t�onal by-pass l�ne allows the check valve to close gently. 
However, operat�onal rel�ab�l�ty depends on the controll�ng of the clos�ng t�me of the �solat�ng valve and 
w�th parallel operat�on of several pumps on a common pressure ma�n, add�t�onal control �s requ�red so 
that on open�ng or clos�ng of one pump, the check valve closes sw�ftly. There �s also energy loss through 
the d�scharged water mass. 

7.5.8 Burst Disks

Burst d�sks are dev�ces used to m�n�m�ze damage when all other preventat�ve mechan�sms are 
unserv�ceable. Burst D�sks are used where predeterm�ned surge danger would rarely occur or when 
there are low water levels �n the pump�ng system w�th several pumps operat�ng s�multaneously. These 
d�sks �f �nstalled alone w�ll not be useful �f dynam�c d�fferent�al pressure causes the d�sk to rupture on 
every pump shut-down operat�on. They should be mounted on an �solatable short p�pe support so that 
only l�ttle water quant�ty �s conta�ned and accord�ngly, the moment effect of �nert�a �s small. They are 
normally supplied in packs of five and the danger is the failure to re-order a replacement pack in time. 

Rel�ance on a�r-valves only to protect pump�ng ma�ns �s not recommended as the r�sk of vandal�sm 
or �nadequate rout�ne ma�ntenance can be catastroph�c. The use of a�r-valves and burst d�sc dev�ces �s 
strongly recommended, and �ndeed such burst-d�sc dev�ces are also recommended �n conjunct�on w�th 
any a�r vessel requ�r�ng the per�od�c topp�ng up by us�ng an a�r compressor.
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Figure 7-4: Siting of an Air Valve.

7.6 Washouts

7.6.1 General

Washouts are �nstalled on p�pel�nes to dra�n the p�pe sect�on espec�ally dur�ng clean�ng out of sed�ments �n 
the p�pe. They are prov�ded at low po�nts or valleys �n the p�pel�ne and should be kept to a m�n�mum.
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7.6.2 Location

Washouts should be placed only at “pronounced” low po�nts or valleys on a p�pel�ne. In th�s context, a 
low po�nt �s cons�dered to be “pronounced” �f the h�gh po�nts �mmed�ately upstream or downstream of 
that po�nt stand more than �0 m h�gher than that po�nt.

7.6.3 Washout Sizes

In a major p�pel�ne, pr�mary washouts may be �nstalled to dra�n the major�ty of the length between 
sect�on valves; secondary washouts of smaller d�ameter can then be used to empty un-dra�ned low 
po�nts. S�zes, part�cularly of pr�mary washouts should be calculated accord�ng to the requ�red dra�n 
down t�me, wh�ch should typ�cally not be longer than one work�ng sh�ft. Factors for cons�derat�on are 
the number of washouts, head ava�lable and l�m�ts on d�scharge, access and resources. The dra�n down 
t�me �s dom�nated by the low head ava�lable dur�ng the later stages. The washout d�ameters g�ven below 
should allow the last �00 m length of a p�pel�ne to be empt�ed �n about one hour �n typ�cal s�tuat�ons.

Table 7-6  Washout Diameters

Size of the main Size of the Wash out diameter
Up to 300 mm 80 mm
400 to 600 mm �00 mm
700 to �000 mm �50 mm
��00 to �400 mm �00 mm
�500 to �800 mm �50 mm

If the normal shear stress of �0N/m� on the walls of a ma�n p�pel�ne, and the ava�lable pressure of 0.� to 
0.� MPa are assumed, then the requ�red s�zes of washouts should be determ�ned as follows.

d = 0.6 D (If the upstream and downstream s�des of the p�pel�ne are washed s�multaneously.)

d = 0.4 D (If only one s�de of the p�pel�ne �s washed at a t�me) 

Where:
d = d�ameter of the washout p�pe �n mm
D = d�ameter of the ma�n p�pel�ne �n mm.

7.6.4 Washout Valves and Drains

Washout valves should be �nstalled only on washout outlet p�pes and not on the ma�n p�pel�nes. Open 
dra�ns convey�ng water from the washouts away to su�table outfalls should be prov�ded.

7.7 Firefighting

7.7.1 General

In fighting fires the flow rates from fire hydrants depend not on the water system design constraints, 
but on the type of equipment and the number of people involved in fighting the fire (DOH, 2009). As 
water system pressure decreases, the pump in the fire truck eventually begins to cavitate and is unable 
to deliver any substantial flow rate. At that point, the pump turns off. Design engineers should evaluate 
the potential that firefighting equipment may cause very low water system pressure. These low pressures 
may present a publ�c health concern due to an �ncreased r�sk for contam�nat�on from cross-connect�ons 
and pathogen intrusion. Guidelines concerning provisions for fire-fighting have been presented in 
Chapter � – “Water Demand”.
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7.7.2 Pipes

F�re hydrants do not requ�re very h�gh p�pel�ne pressures, the more �mportant requ�rement be�ng the 
ava�lab�l�ty of adequate quant�t�es of water �n the p�pel�nes. Th�s requ�rement can be met by prov�d�ng 
d�str�but�on p�pel�nes of d�ameters of not less than �60 mm �n h�gh value commerc�al areas.

7.7.3 Fire Hydrants

In high value areas with high fire risks such as town centers and industrial areas, the distances between fire 
hydrants should be �n the range of 65-�00 m. An �solat�ng sect�on valve should be prov�ded downstream 
of every fire hydrant.

7.8  Section Valves

7.8.1 Location

Sect�on valves should be located �n such a way that whenever requ�red, selected sect�ons of the d�str�but�on 
system can be closed off as appropr�ate. For small s�ze and low pressure d�str�but�on p�pel�nes, sect�on 
valves are usually slu�ce (gate) valves. For h�gh pressure and large d�ameter d�str�but�on p�pel�nes 
exceeding 300 mm, butterfly valves should be used instead. On main distribution pipelines, section 
valves should be �nstalled at d�stances of about 3 km �n rural areas and about � km �n urban areas.

All branch p�pel�nes should have sect�on valves at the�r po�nts of connect�on to the ma�n p�pel�nes. 
Pump�ng ma�ns should not have sect�on valves outs�de pump houses. Wherever the s�t�ng of a sect�on 
valve br�ngs �t adjacent to an a�r valve or a washout, the sect�on valve should be �nstalled upstream 
of and �n the same chamber w�th the a�r valve or the washout. An �solat�ng valve should be prov�ded 
downstream of every fire hydrant.

7.8.2 Valve Chambers

A valve chamber should have s�ze of at least �,000 mm by �,000 mm �nternally. Flex�ble p�pes such as 
those made of uPVC should not be used �ns�de the chamber. The chamber should have a lockable cover 
and adequate dra�nage fac�l�t�es.

7.9 Break Pressure Devices

7.9.1 General

Break-pressure tanks and pressure-rel�ef valves are used to keep p�pel�ne pressures w�th�n the l�m�ts 
therefore mak�ng �t poss�ble to use lower p�pe pressure classes �n order to m�n�m�ze p�pel�ne costs. Break-
pressure tanks and pressure-rel�ef valves are also used to d�v�de d�str�but�on systems �nto appropr�ate 
pressure zones. Wherever feas�ble, water storage reservo�rs should be used also as break-pressure tanks. 
In general �t �s not recommended to use pressure-rel�ef valves except �n except�onal cases and where 
sk�lled operat�on personnel are ava�lable.

7.9.2 Break Pressure Tank Capacities

The capac�ty of a break-pressure tank should be large enough to g�ve a retent�on per�od of at least � 
m�nutes.

7.9.3 Design Features of Break-Pressure Tanks

Break pressure tanks should have the follow�ng des�gn features:

Be covered and have lockable access manhole covers;
Have inlet pipes which end close to the tank floors, to prevent air entrainment by falling jets;
Have overflow pipes, which are placed at least 50 mm above the normal top water level, and in 
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such a way that it is possible to see water overflowing; and
Have ball float valves which are easily accessible from the access manholes, but which do not 
block the manhole.

7.10 Flow Direction Regulating Devices

7.10.1 Non-Return (Check) Valves

There are circumstances where it is necessary to ensure that water flows only in one direction. This 
appl�es mostly to consumer serv�ce connect�on p�pes and pump�ng ma�ns. The requ�red “one-d�rect�on-
flow” can be achieved by the use of non-return (check) valves.  In a pumping main without a non-return 
(check) valve, water will flow backwards as soon as pumping stops. If a centrifugal pump is being used, 
it will not be able to start pumping again until it is filled with water, because the sump cannot remove 
a�r from �ts �ns�de. In other words, the pump �s not “self-pr�m�ng”. A non-return (check) valve on the 
suction pipe will prevent water from flowing backwards into the suction sump, and thus keep the pump 
always full of water, that �s “pr�med”.

In a long pumping main, with a high velocity of water flow and a high total static head, high water 
hammer (surge) pressures can develop when the pump stops and the non-return (check) valve closes. 
To reduce such water hammer (surge) pressures, the use of p�pes of a h�gher pressure class than would 
normally be requ�red or the �nstallat�on of a surge tank or accumulator tank should be cons�dered at the 
des�gn stage. In most cases, �t w�ll be more econom�cal to select a h�gher pressure class for part or the 
whole of the p�pel�ne.

7.10.2 Stop Cocks

A stop cock �s a sect�on valve and a non-return valve comb�ned �n one un�t. On every consumer serv�ce 
connect�on p�pe, a stop cock should be prov�ded to reduce the r�sk of draw�ng contam�nated water from 
the consumer prem�ses, backwards �nto the d�str�but�on system through the serv�ce connect�on p�pe.

7.10.3 Pipe-Break Valves

To reduce the risk of flooding and water wastage when a pipeline breaks in large distribution system, 
self-clos�ng secur�ty valves commonly called “p�pe-break valves” can be �nstalled close to the storage 
reservoirs. Pipe-break valves, which are usually of the butterfly type close when the velocity of water 
flow exceeds pre-determined values. Pipe-break valve should not be considered for use except in very 
large water supply schemes.

7.11 Marker Posts

Marker posts should be �nstalled for the purpose of g�v�ng �nformat�on on the p�pel�ne at d�fferent 
locat�ons. Marker posts should be prov�ded along p�pel�nes at a spac�ng of about 300 m. Marker posts 
should also be placed at all bends, Tee-junct�ons, sect�on valves, a�r-valves, washouts, r�ver and road 
cross�ngs.

7.12  Anchor and Thrust Blocks

7.12 .1 General

Anchor and thrust blocks should be prov�ded at hor�zontal and vert�cal bends, capped ends, changes of 
p�pe s�zes, tees and for p�pel�nes la�d �n steep slopes exceed�ng �:6. The s�zes and types of anchor and 
thrust blocks requ�red, w�ll depend on the follow�ng factors:

Pressures �n the p�pel�nes;
S�zes of the p�pel�nes;
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Types of fittings used; and
Type of so�ls traversed by the p�pel�nes.

To determ�ne requ�red bear�ng area of anchor and thrust blocks, refer to Table 7-7 for safe so�l bear�ng 
loads.

Table 7-7  Safe Soil Bearing Loads

Soil Type Safe Soil bearing Load (kN/m2)
Confined sand and gravel �00-500
Loam �50-300
S�lt �30-�60
Clay 90 -�00
S�lty/clayey so�l ��0-�80

7.12 .2 Thrust Forces

Table 7-8 �s a gu�de for des�gn�ng thrust blocks for p�pel�nes, and the data g�ven �s for thrust forces �n 
p�pel�nes w�th an �nternal pressure of �.0 MPa. Anchor and thrust blocks should be des�gned for the 
h�ghest pressure expected to occur �n a p�pel�ne. The h�ghest pressure usually occurs dur�ng the pressure 
test�ng of the p�pel�ne when, for example, uPVC p�pel�nes are tested at �.5 t�mes the�r nom�nal work�ng 
pressure. Generally, anchor and thrust blocks are not requ�red where the thrust force �s less than 0.05 
x d kN, where d �s the outs�de d�ameter of the p�pel�ne �n mm. F�gure 7-5 shows the common ways of 
erect�ng anchor and thrust blocks.

Table 7-8: Resultant Forces on Bends

Outside Nominal
Diameter (mm)

F= Axial Force
(KN) F= Resultant Force On Bends Of Angles  (KN)

��.�5° ��.5° 30° 45° 60° 90°
�0 0.3� 0.06 0.�� 0.�6 0.�4 0.3� 0.44
3� 0.80 0.�6 0.3� 0.4� 0.6� 0.80 �. �3
50 �.96 0.38 0.76 � 0� �.50 �.96 �. 77
63 3.�� 0.6� �.�� �.6� �.39 3.�� 4.4�
90 6.36 �.�5 �.48 3.�9 4.87 6.36 8.99

��0 9.50 �.86 3.7� 4.9� 7.�7 9.50 �3.44
�60 �0.�� 3.94 7.85 �0.4� �5.39 �0.�� �8.44
��5 39.76 7.79 �5.5� �0.58 30.43 39.76 56.�3
�80 6�.58 ��.07 �4.03 3�.88 47.�3 6�.58 87.09
3�5 77.93 �5.�8 30.4� 40.34 59.65 77.93 ��0.��

���)
�v)
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Figure 7 5: Anchor and Thrust Blocks.

7.14 Leak Detection

To fac�l�tate leak detect�on �n large d�str�but�on systems, the des�gn should �nclude small d�ameter by-
passes downstream of the storage reservoirs, as illustrated in Figure 7-6. The by-passes should be fitted 
with water meters for the accurate measurement of small water flows at night (called the “night line”), 
the largest proport�on of wh�ch represents leakage.

Figure 7-6: By-pass for Leak Detection.

7.14 Consumer Service Connections

7.14.1 General

The number and types of water consumer service connections have considerable influence on the design 
of water d�str�but�on systems. A d�st�nct�on can be made between the follow�ng ma�n types consumer 
serv�ce connect�ons:

Pr�vate Connect�ons (House Connect�ons and Yard Connect�ons); and
Publ�c water po�nts (Stand posts).

7.14.2 Private Connections

Pr�vate connect�ons �nclude house connect�ons and yard connect�ons to domest�c, �nst�tut�onal, 
commerc�al and �ndustr�al consumer prem�ses. A house connect�on �s a consumer serv�ce p�pe connected 
�nto a bu�ld�ng wh�ch has �nternal plumb�ng and dra�nage systems. For a yard connect�on, the consumer 
serv�ce p�pe �s connected to a water tap wh�ch �s placed �n the yard outs�de the bu�ld�ng, because �t does 

�)
��)
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not have �nternal plumb�ng and dra�nage systems. A d�str�but�on system should be des�gned to cater for 
a definite number of private connections.

The s�zes of consumer serv�ce connect�on p�pes for pr�vate connect�ons should be calculated �n the same 
way as those for publ�c water po�nts. Normally, the p�pes should not be less than �0 mm �n d�ameter and 
not longer than �00 m �n length. The s�zes of the stop cocks, water meters and connect�on p�pes should 
be determ�ned �nd�v�dually for each case, but they should not be less than �0 mm �n d�ameter. Normally, 
a water d�scharge rate of about �5 l/m�n �s requ�red �n consumer serv�ce connect�on p�pes. All pr�vate 
connect�ons should be metered.

7.14.3 Public Water Points

In rural areas, publ�c water po�nts (stand posts) should be s�ted �n such a way that the max�mum walk�ng 
d�stance for 90% of the users does not exceed �.5 km. Also, the number of users per water po�nt (stand 
post) should normally be restr�cted to �00 persons. In urban centers, the max�mum walk�ng d�stance 
to publ�c water po�nts (stand posts) should not exceed �50 m and the number of users per water po�nt 
should be restr�cted to �50 persons. However, the local water collect�on hab�ts, the numbers of pr�vate 
connect�ons �n the area and other relevant factors should be cons�dered before s�t�ng publ�c water po�nts 
(stand posts). The final siting of public water points (stand posts) should be done in collaboration with 
local consumer commun�t�es and author�t�es.

Publ�c water po�nts (stand posts) should be s�ted on h�gh ground to fac�l�tate the dra�nage of sp�lt water, 
and also to make the po�nts serve as a�r-outlets at peaks �n d�str�but�on p�pel�nes. The po�nts should be 
fenced off to restr�ct entrance. Publ�c water po�nts (stand posts) should be des�gned and constructed 
accord�ng to the standard draw�ngs approved by the D�rectorate of Water Development. Every water 
po�nt should be prov�ded w�th a stopcock and a meter. Proper dra�nage fac�l�t�es should be prov�ded for 
water po�nts.

7.14.4 Water Meters

A water meter �s a dev�ce used to measure the volume of water usage. In Uganda, water meters are 
used to measure the volume of water used by res�dent�al and commerc�al bu�ld�ngs that are suppl�ed 
w�th water by a publ�c water supply system. Water meters can also be used at the water source, and 
throughout a water system to determine flow through that portion of the system. Water meters measure 
flow in Cubic metres (m3) on a mechan�cal or electron�c reg�ster. Some electron�c meter reg�sters can 
display rate-of-flow in addition to total usage.

There are several types of water meters in common use. Selection is based on different flow measurement 
methods, the type of end user, the required flow rates and accuracy requirements. There are two major 
methods of flow measurement in use including displacement and velocity with sub-technologies within 
each of them. Common d�splacement des�gns �nclude osc�llat�ng p�ston and rotat�ng d�sk meters. 
Veloc�ty-based des�gns �nclude s�ngle- and mult�-jet meters and turb�ne meters. There are also non-
mechan�cal des�gns, for example electromagnet�c and ultrason�c meters.

In add�t�on to the more common types of meters, there are meters des�gned for spec�al uses. Most meters 
�n a typ�cal water d�str�but�on system �n Uganda are des�gned for cold potable water only. There are 
special water meters manufactured for specific other uses including hot water meters designed with 
spec�al mater�als that can w�thstand h�gher temperatures. 

Water meters are generally owned, read, and ma�nta�ned by a publ�c water prov�der such as Nat�onal 
Water and Sewerage Corporat�on or pr�vate water operators managed by the M�n�stry of Water and 
Env�ronment. In some cases, an owner of an apartment complex or commerc�al bu�ld�ng may want to 
share the cost of the b�ll among the tenants. In th�s case, pr�vate meters may be purchased to separately 
track usage of each un�t �n what �s called sub meter�ng.
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Prepa�d meters are h�ghly recommended for publ�c water po�nts that operate as k�osks. Publ�c water 
po�nts can have one or more taps. To determ�ne the del�very rates of taps at d�fferent supply pressures, 
the follow�ng formula can be used:
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        Equation 7‑7
qact = the actual del�very rate of a tap, l/m�n
qnom        = the nom�nal del�very rate of a tap, l/m�n at a pressure of 0.� MPa (�0 m of water 

head) before the tap 
Htap = the ava�lable pressure just before the tap, �n Mpa

Typ�cally, the qnom of a �� mm tap and a �0 mm tap are �3 l/m�n and �5 l/m�n respect�vely. Assum�ng an 
efficiency of 80%, it follows from the foregoing exposition that a supply pressure of 5 m head of water 
w�ll result �n a del�very rate of 8 l/m�n for a �� mm tap, and �4 l/m�n for a �0 mm tap. Assum�ng the same 
efficiency, a supply pressure of 60 m head of water (the maximum recommended supply pressure) will 
result �n a del�very rate of about 75 l/m�n for a �� mm tap, and �40 l/m�n for a �0 mm tap.

The use of taps at h�gh del�very capac�t�es can result �n large quant�t�es of water be�ng wasted even when 
the taps are left open for only short per�ods of t�me. Therefore, taps should be used at del�very capac�t�es 
restr�cted to a max�mum of 30 l/m�n. From the forego�ng cons�derat�ons, together w�th the requ�red 
del�very rates and supply pressures a consumer serv�ce connect�on p�pe should have a d�ameter of not 
less than 40 mm, and a length of not more than �00 m.
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Equation 7‑8

hwm = head loss through the meter �n MPa
qact = the actual flow through the meter in m3/h
qnom = the nom�nal rat�ng of the water meter �n m3/h at a pressure of 0.� MPa

The calculated del�very capac�ty of a publ�c water po�nt should preferably l�e �n the range of 50-80% of 
the nom�nal capac�ty of �ts water meter.

7.15 Bulk Water Transfer

7.15.1 General

A system of canals known as aqueducts can be used for bulk water transfer to h�gh water demand areas 
from areas where there �s adequate water. In case of aqueducts, they should be routed �n such a way 
as to allow del�very of water by grav�ty whenever poss�ble. Apart from topography, other factors such 
as d�str�but�on methods, storage fac�l�t�es and water demands must be cons�dered. P�pel�nes can also 
be used for bulk water transportat�on although the cost of construct�on, operat�on and ma�ntenance 
may be h�gh.

The object�ve of bulk water transfer �s to make ava�lable adequate quant�t�es of water all year round 
for mult�ple uses such as �rr�gat�on, l�vestock, aquaculture, �ndustr�al use, commerc�al act�v�t�es and 
dr�nk�ng. Implement�ng bulk water transfers �s seen as a contr�but�on to ach�ev�ng the MDGs. Four 
priority areas with acute water shortage have so far been identified in Uganda for consideration of bulk 
water transfer. These �nclude Bukanga and Nyabushoz� �n Western Uganda; Kakuuto, Kook� and Kabula 
�n Southern Uganda; Nakasongola �n Central Uganda and Nakap�r�p�r�t �n North Eastern Uganda.
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The large scale transfer of water can have far reach�ng �mpl�cat�ons �n both water supply�ng and rece�v�ng 
catchments. In add�t�on �ssues of �nequ�ty between the rece�v�ng and supply�ng commun�t�es need careful 
cons�derat�on �n plann�ng bulk water transfers (CAPR�, �008). Env�ronmental and soc�al cons�derat�ons 
must be taken into account before large scale water transfers are implemented so that conflicts within and 
outside the beneficiary communities over sharing water are foreseen and mitigated. The ESIA should be 
carried out as specified in Chapter 8 – “Environmental and Social Impact Assessment” and the relevant 
regulat�ons of the Nat�onal Env�ronment Act.

Bulk water transfers can be cons�dered from Mt. Elgon, Mt. Ruwenzor�, Lake Kyoga and other major 
lakes and r�vers. Bulk water transfers are poss�ble for r�vers of a transboundary nature and lakes such as 
Lake V�ctor�a and R�ver N�le; however, �n transboundary water resources, the leg�slat�on govern�ng the 
use and management of these waters must be adhered to. Further �nformat�on on bulk water transfers can 
be obta�ned from the Water for Product�on Subsector Strategy of the MWE.

7.15.2 Bulk Water Transfer from Mountains

All the major r�vers of the world have the�r headwaters �n h�ghlands and more than half of human�ty 
rel�es on the freshwater that accumulates �n mounta�n areas (L�n�ger and We�ngartner, �998). Th�s 
punctuates the �mportance of water from mounta�ns and �ts recogn�t�on as a key resource that should be 
cons�dered for supply. Water from mounta�ns �s fresh, free of contam�nat�on and can always be suppl�ed 
by grav�ty.

There are many reasons why water from the mounta�ns should be g�ven part�cular focus:

High Precipitation Levels. Mounta�ns form a barr�er to �ncom�ng a�r masses. They force a�r 
masses to r�se, cool thereby tr�gger�ng prec�p�tat�on. In sem�-ar�d and ar�d reg�ons, only h�ghlands 
have sufficient precipitation to generate runoff and groundwater recharge. Mt. Elgon and Mt. 
Ruwenzor� have the h�ghest ra�nfall occurrence of over �,000 mm annually �n Uganda.
Storage and Distribution of Water to the Lowlands. Water captured at high altitudes flows 
under grav�ty v�a stream networks or groundwater aqu�fers to the lowlands, where the demand 
from populat�on centers, agr�culture and �ndustry �s h�gh. In hum�d areas the proport�on of water 
generated �n the mounta�ns can compr�se as much as 60% of the total freshwater ava�lable �n the 
watershed, wh�le �n sem�-ar�d and ar�d areas th�s proport�on �s generally over 90% (L�n�ger and 
We�ngartner, �998). The areas of Kapchorwa, Bukwo, S�ronko, Manafwa, Mbale and Tororo 
rely on water suppl�es from Mt. Elgon wh�ch r�ses up to 4,3�� m above sea level. The areas of 
Kasese, Kabarole and Bund�bugyo rely on water suppl�es from the snow-capped Mt.Ruwenzor� 
wh�ch r�ses up to 5,�09 m above sea level. 
Source of Hydropower. Wh�le mounta�ns prov�de water suppl�es they can concurrently be a 
source of hydropower tapped from water fall�ng over large he�ghts. Th�s can be seen as an 
add�t�onal econom�c value of water from mounta�ns. 

Mt. Elgon and Mt. Ruwenzor� have catchments that fall under the category of water from mounta�ns. 
The average annual ra�nfall �n these mounta�ns �s above �,000 mm represent�ng the h�ghest ra�nfall 
�n Uganda. These waters can be explo�ted to serve the areas �n the pla�ns below them and also for 
generat�on of hydropower. Water from Mt. Elgon can be cons�dered for supply to the water scarce areas 
�n the east and north eastern Uganda such as Teso and Karamoja. Mt. Ruwenzor� may be cons�dered for 
the areas �n Western Uganda.

7.15.3 Bulk Water Transfer from Lakes and Rivers

When cons�der�ng bulk water transfers from lakes and r�vers the �mpact of abstracted water to the 
rece�v�ng and supply�ng catchments must be carefully stud�ed. In add�t�on, the preva�l�ng leg�slat�on 
on water resources has to be compl�ed w�th. The Nat�onal Water Pol�cy �999, the Water Act, the 
Water Resources Regulat�ons and Nat�onal Env�ronment act must be consulted before any project �s 

i)

ii)

iii)
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�mplemented. All major lakes and r�vers �n Uganda can be cons�dered for bulk water transfer. For the 
identified water scarce areas of East, North Eastern and Central Uganda, Lake Kyoga is seen as the main 
source �n th�s category.

Bulk water transfers from lakes and r�vers are a useful source espec�ally for �rr�gat�on, aquaculture, 
l�vestock and �ndustr�es where water does not have to be treated before supply. In th�s case the 
cons�derat�ons to be made are volumes of water abstracted, transm�ss�on route, env�ronmental and soc�o 
�mpacts and prov�s�on for storage fac�l�t�es.

7.15.4 Bulk Water for Industry and for Production

Cons�derat�on may be made for supply of water that �s not potable for large scale �ndustr�al act�v�ty 
and agr�culture. Water for cool�ng, aquaculture and �rr�gat�on may be suppl�ed through p�ped networks 
that are parallel or adjacent to the treated water suppl�es target�ng the large consumers. B�ll�ng of these 
suppl�es should be done at a lower tar�ff than for potable water.

7.15.5 Bulk Water Metering

Bulk flow meters are used at intakes, treatment works and in the distribution sytems at 
reservoirs and bulk supply. They are installed for purposes of monitoring large flows of 
water for water system management and commerc�al b�ll�ng purposes. They are normally 
equ�pped w�th hel�cal vanes w�th pulse outputs for operat�on w�th var�ous aux�l�ary 
equ�pment. D�fferent body lengths and mater�al types are ava�lable to meet all requ�rements. 
 
Combination meters are manufactured for installations where wide variation in flow can be expected, 
such as in multi story building, hospitals, schools, offices and other places where both low and high 
flows can occur due to several consumptions users. These wide flow ranges are measured by using a 
bu�lt-�n changeover valve together w�th small res�dent�al meters and large bulk meter.

Large commercial single jet meters are also available which have a low flow capability,which makes 
them �deal for revenue collect�on.Electromagnet�c water meters are also ava�lable wh�ch are des�gned 
for measuring bulk flows in a wide range of applications including irrigation management of agricultural 
land.All bulk meters should be tested to ensure that they meet approved standards.
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8.1 Pump Selection

8.1. General

Pumps are hydraul�c mach�nes wh�ch convert mechan�cal energy (�mparted by rotat�on) �nto water energy 
used �n l�ft�ng (pump�ng) water to h�gher elevat�ons. The mechan�cal energy �s prov�ded by electr�cal 
power (motor) or d�esel, gas or steam pr�me movers us�ng e�ther vert�cal or hor�zontal sp�ndles. There 
are two ma�n pump types used �n Uganda as outl�ned �n Table 8-�.

Table 8-1: Most Commonly Used Pump Types in Uganda.

Main Type Sub-type Specific types

Rotodynam�c
Centr�fugal

S�ngle-stage
Mult�-stage shaft dr�ven
Mult�-stage submers�ble

Ax�al – and m�xed
Axial flow
Mixed flow

Pos�t�ve d�splacement
Rec�procat�ng

Suct�on (shallow well)
L�ft (deep well)

Rotary Hel�cal Rotor

8.1.2 Rotodynamic Pumps

8.1.2.1 Introduction 

In the rotodynam�c-type pump, water wh�le pass�ng through the rotat�ng element (�mpeller) ga�ns energy 
wh�ch �s converted �nto pressure energy by an appropr�ate �mpeller cas�ng. 

8.1.2.2 Centrifugal Pumps

In the form of tall, slender, deep-well submers�bles, they pump clear water us�ng �mpellers to d�splace 
water by momentum, rather than by positive mechanical travel. When rotated at sufficient speeds, 
�mpellers convert the veloc�ty energy of the water leav�ng the �mpeller per�phery �nto pressure energy. 
The capacity of the centrifugal pump is greatly influenced by the pressure it works against, and also by 
the speed, form and d�ameter of �ts �mpeller. Low speed centr�fugal pumps wear less and last longer than 
h�gh speed pumps. Generally, speeds selected for raw water pumps should be l�m�ted to a max�mum of 
�500 rpm. 

Pump efficiency should always be maximized by choosing a pump which will operate close to the 
peak of its efficiency curve. To determine the operating (duty) of a pump, system head losses should 
be calculated as accurately as poss�ble. The steeper the pump character�st�cs curve �s, the less w�ll the 
actual capac�ty of the pump dev�ate from the wanted capac�ty, the actual pump�ng head d�ffers from that 
assumed at des�gn stage. For th�s reason, pumps w�th steep character�st�c curves are preferred. Suct�on 
head must never exceed head losses, as the operating (duty) point of the pump will be very difficult to 
determ�ne correctly. 

The pump manufacturers should always be consulted before the final choice of a pump is made and the 
s�ze of the eng�ne or motor �s selected.

WATER PUMPING

Chapter 8
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The character�st�cs and appl�cab�l�ty for the d�fferent types of centr�fugal pumps �nclude:

S�ngle-stage: the usual depth range �s �0 – 35 m. �t requ�res sk�lled ma�ntenance; not su�table for 
hand operat�on, powered by eng�ne or electr�c motor;
Mult�-stage shaft-dr�ven: the depth range �s �5 – 50 m. �t requ�res sk�lled ma�ntenance; the motor 
�s access�ble, above ground; al�gnment and lubr�cat�on of shaft cr�t�cal; �t has a capac�ty range 
of �5 – �0,000 l/m�n; and
Mult�-stage submers�ble: the depth range �s 30 – ��0 m. �ts operat�on �s smoother but ma�ntenance 
is difficult; repair to motor or pump requires pulling unit from well; it has wide range of capacities 
and heads; subject to rap�d wear when sandy water �s pumped.

8.1.2.3 Axial- and Mixed-Flow pumps

An Axial-flow propeller pump consists of propeller which thrusts rather than throws the liquid upward. 
Impeller vanes for mixed-flow centrifugal pumps are shaped to provide partial throw and partial push of 
the liquid outward and upward. Axial- and mixed-flow designs can handle large capacities but only with 
reduced discharge heads. They are constructed vertically. Axial flow pumps are used mostly for high-
capacity and low-lifting pumping. They can pump water containing sand or salt. Axial flow pumps are 
the nom�nal cho�ce for h�gh-volume, low head raw water pump�ng. They are ava�lable �n a w�de range, 
capac�t�es and s�zes. They are usually �nstallable to a depth range of 5 – �0 m.

Specific Speeds

Specific speed (Ns) �s the parameter wh�ch character�zes the rotodynam�c pumps more expl�c�tly and �s 
g�ven by:
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      Equation 8‑1
Where  Q = the d�scharge (l/s)
  Hm = the total (manometr�c) head (m)
  N = the rotat�onal speed (rev/m�n)

The specific speed for various Rotodynamic Pump types are shown in Table 8-2:Rotodynam�c Pump types are shown �n Table 8-�: types are shown �n Table 8-�:

Table 8‑2: Specific Speeds for Rotodynamic Pumps.

Type Specific speed

Radial flow  slow speed�. 300-900

 med�um speed�. 900-�,500

 h�gh speed�. �,500-�,400

Mixed flow �,400-5,000

Axial flow 5,000-�5,000

8.1.3 Positive Displacement Pumps

8.1.3.1 Reciprocating Pumps

The reciprocating pump utilizes the energy transmitted by a moving element (piston) in a tightly fitting 
case (cyl�nder). Frequently �n rec�procat�ng pumps, a p�ston or plunger �s used �n a cyl�nder, wh�ch �s 

�)

��)
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dr�ven forward and backward by a crankshaft connected to an outs�de dr�ve. The rec�procat�ng pumps 
can be d�v�ded �nto the two ma�n categor�es; suct�on pumps and l�ft pumps.

8.1.3.2 Suction Pumps

Suct�on pumps are used �n shallow wells. In a suct�on pump, the pump element (cyl�nder and plunger) 
�s pos�t�oned above the water level, usually w�th�n the pump stand �tself. A suct�on pump rel�es on 
atmospher�c pressure for �ts operat�on. They l�ft water through a vacuum (suck�ng) act�on. All the 
mov�ng parts are above the ground. Typ�cally �n the form of cast �ron pumps, but also come �n d�fferent 
forms such as the plast�c Rower pump and d�aphragm pumps. The suct�on pumps can be �nstalled up to 
a depth of 7 m.

8.1.3.3 Lift Pumps

L�ft pumps are used �n shallow wells. In a l�ft pump, the pump element (cyl�nder and plunger) �s located 
below the water level �n the well. L�ft pumps create l�ft of the water, most commonly us�ng a p�ston 
w�th leather, rubber or plast�c washers (cup seals) located �n a pump cyl�nder below the water level. 
The p�ston travels �n an up and down mot�on at the pump head (d�rect act�on), a lever type handle, or 
a c�rcular mot�on handle. Other mechan�sms �nclude sp�ral or hel�cal sta�nless steel rotors encased �n a 
rubber stator �n the cyl�nder, and rubber d�aphragms actuated hydraul�cally. 

The depth ranges of the l�ft pumps are as follows:

Low l�ft:   up to �5 m
Intermed�ate l�ft:  �5 to 50 m
Deep-set:  50 to 90 m

8.1.3.4 Hand Pumps

Hand pumps are the most common used rec�procat�ng pumps and, �n most cases, the only econom�cally 
feas�ble water l�ft�ng dev�ce for commun�ty needs (UNICEF, �999). Y�eld depends on the depth and 
des�gn, normally �n the range of 600 to �,500 l�tres per hour dur�ng constant use. The most �mportant 
des�gn cr�ter�on for a hand pump �s �ts ma�nta�nab�l�ty. Some typ�cal ma�ntenance programmes for Hand 
pumps �nclude: per�od�c lubr�cat�on of above-ground components, replacement of washers and seals, 
replacement of plast�c bear�ngs, occas�onal replacement of �nd�v�dual r�ser ma�ns. The max�mum pumps 
(l�fts) for comfortable operat�on of hand pumps are shown �n the table below.

Table 8-3: Maximum Heads (Lifts) for Hand pumps.

Cylinder Diameter (mm) Head/lift (m)
50 Up to �5
65 Up to �0
75 Up to �5
�00 Up to �0
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The max�mum d�scharge from a hand pump can be est�mated us�ng the follow�ng formula:
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      Equation 8‑2
Where:

 Q = max�mum d�scharge from the hand pump (l/s)
 H = pump�ng head (m)
 e = pumping efficiency (a value between 0 and 1)

8.1.3.5 Rotary Pumps

Pos�t�ve d�splacement rotary pumps are pumps work on the pr�nc�ple of rotat�on. The rotat�on 
of the pump creates vacuum wh�ch draws �n the l�qu�d. The need to bleed the a�r from the l�nes 
manually �s el�m�nated �n rotary pumps because the a�r from the l�nes �s naturally removed. Pos�t�ve 
d�splacement rotary pumps also have the�r weaknesses. Because of the nature of the pump, the 
clearance between the rotat�ng pump and the outer edge must be very close, requ�r�ng that the 
pumps rotate at a slow, steady speed. If rotary pumps are operated at high speeds, the fluids will 
cause eros�on, and thereby show�ng s�gns of enlarged clearances, wh�ch allow l�qu�d to sl�p through 
and detract from the efficiency of the pump.

Hel�cal rotor pumps are the most commonly used type of rotary pump. A hel�cal rotor pump cons�sts 
of a s�ngle thread hel�cal rotor wh�ch rotates �ns�de a double thread hel�cal sleeve, the stator. It �s the 
meshing helical surfaces which force water up to create a uniform flow. Water delivery by rotary 
pumps �s cont�nuous and therefore smoother. However, �nternal losses �n rotary pumps are normally 
h�gher through sl�p (�nternal leak-back). Sl�p �ncreases w�th �ncreas�ng pressure, mak�ng rotary pumps 
unsu�table for use �n h�gh pressure systems.

8.1.4 Considerations for Pump Selection

The factors wh�ch are normally cons�dered �n the select�on of a pump �nclude:

Depth to the water level and �ts seasonal var�at�ons;
Pressure ranges needed for adequate water supply;
He�ghts through wh�ch water has to be l�fted, both below and above the pump;
Pump locat�on;
Pump durability and efficiency; and
Pump suppl�er after sale serv�ces.

The type of pump selected for a part�cular �nstallat�on should be determ�ned on the bas�s of the follow�ng 
fundamental cons�derat�ons:

Y�eld of the well or water source;
Da�ly needs and �nstantaneous demand of the users;
The “usable water” �n the pressure or storage tank;
S�ze and al�gnment of the well cas�ng;
Total operat�ng head pressure of the pump at normal del�very rates, �nclud�ng l�ft and all fr�ct�on 
losses;
D�fference �n elevat�on between ground level and water level �n the well dur�ng pump�ng;
Ava�lab�l�ty of power;
Ease of ma�ntenance and ava�lab�l�ty of replacement parts;
F�rst cost and economy of operat�on;
Rel�ab�l�ty of pump�ng equ�pment; and
Pump start-up problem and t�me.
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8.1.5 Well Casing and Screen

To keep loose sand and gravel from collaps�ng �nto the borehole, �t �s necessary to use well cas�ng and 
screen. The screen supports the borehole walls wh�le allow�ng water to enter the well.Unslotted cas�ng 
�s placed above the screen to keep the rest of the borehole open and serve as a hous�ng for pump�ng 
equipment. Since the well screen is the most important single factor affecting the efficiency of a well, it 
�s somet�mes called the “heart of the well”.

8.1.5.1 Screen Design

Well screens should have as large a percentage of non-clogg�ng slots as poss�ble, be res�stant to corros�on, 
have sufficient strength to resist collapse, be easily developed and prevent sand pumping (Driscoll, 
�986). PVC p�pe, wh�ch �s ava�lable, relat�vely cheap, corros�on res�stant, l�ghtwe�ght, easy to work w�th 
and chem�cally �nert should be used. 

Us�ng a hack saw, cut slots �n the plast�c cas�ng wh�ch are as long and close together as poss�ble. Slots 
should be spaced as close together as possible vertically and should extend about a fifth the circumference 
of the p�pe.There should be 3 even rows of slots extend�ng up the p�pe separated by 3 narrower rows of 
sol�d, uncut p�pe (for strength). 

75mm d�ameter cas�ng and screen should be �nserted �nto a �50mm borehole to allow creat�on of an 
effective 30mm thick filter pack (this is especially important where the aquifer is composed of very fine 
mater�als). However, �n the case of unava�lab�l�ty of the 75mm d�ameter cas�ng, carefully centered and 
filter packed 100mm screen can be used in the 150mm borehole allowing creation of an effective 25mm 
thick filter pack. Larger diameter screens make the filter pack ineffective and do NOT significantly 
�ncrease well y�eld. For example, mov�ng from a �00 to �50mm screen w�ll �ncrease y�eld by 3 percent 
or less.
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8.2 Performance Parameters for Pumps

8.2.1 General

When spec�fy�ng centr�fugal pumps �t �s �mportant to understand the var�ous parameters that effect pump 
performance and the�r relat�onsh�p w�th one another.

The parameters wh�ch affect pump performance �nclude: speed, �mpeller d�ameter and number of 
Impellers

Speed: the effect of doubl�ng �mpeller speed �s that, �ncreases power consumed and pressure by 
a factor of �3 = 8 and �� respect�vely;
Impeller d�ameter: Impeller d�ameter effects pump performance �n a s�m�lar way to speed. A 
�0% �ncrease of �mpeller d�ameter �ncreases power consumed and pressure by 33% and �� % 
respect�vely; and
Number of Impellers: Impellers in series increases pressure, though has no effect on flow. This is 
the effect of a multistage pump. Adding impellers in parallel increases flow though has no effect 
on pressure. Th�s �s the effect of two pumps connected �n parallel.

Typ�cally a pump curve w�ll prov�de the follow�ng �nformat�on.

Figure 8-1 A Typical Centrifugal Pump Performance Curve

Three plots are given against flow – Pressure (or Q-H curve), Efficiency (ŋ) and Power absorbed.

Pressure: at zero flow the pump will provide its maximum pressure (closed head pressure). At 
zero head the pump will provide its maximum flow;
Efficiency (ŋ): the efficiency curve is the plot of overall efficiency against flow. The pump�s 
optimal duty point is that at which peak efficiency occurs and is usually around the midpoint of 
the curve. The optimal performance envelop is the flow range which is greater than 90% of the 
pump�s maximum efficiency and applications should be within this envelope. Efficiency drops 
considerably at high pressures and high flows and specifying a pump to operate in these sections 
of a curve must be avo�ded; and

�)

��)

���)

�)
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Power: the power curve is a plot of power consumed against flow. It is important to note that, 
the maximum power consumption of a pump occurs at high flows/low pressures. Usually 
power consumed at h�gh pressures �s lower. When coupl�ng motors to pumps �t �s �mportant 
to ensure that the power consumed at open del�very �s less than the motor s�ze or else motor 
fa�lure may occur.

There are three principal performance parameters relating to pump selection: flow (or capacity), total 
del�very head and suct�on l�ft.

8.2.2 Capacity

Required capacity, measured in flow/time is determined by one of two factors:

If there is storage capacity, it is related to total daily demand. Daily demand must first   be 
est�mated and then the hourly requ�rement calculated by d�v�d�ng the da�ly demand by the 
number of hours the pump �s requ�red to work; and
If there �s d�rect supply pump capac�ty should be related to peak hourly demand. Th�s would be 
appropr�ate �n �rr�gat�on or pressure systems.

Capac�ty �s measured �n var�ous un�ts �nclud�ng l�ters per second, l�ters per m�nute and cub�c meters per 
hour. 

8.2.3 Total Head

8.2.3.1 Introduction 

There are three pr�nc�pal components to total head of �mportance when spec�fy�ng a pump: stat�c head, 
dynam�c head (fr�ct�on loss) and pressure head.

Total Head = Stat�c Head + Dynam�c Head + Pressure Head

Figure 8-2: Static Head Conditions

8.2.3.2 Static Head (H)

Stat�c head �s the vert�cal l�near d�stance between the level of the water be�ng pumped and e�ther the 
del�very outlet or the reservo�r water level, wh�chever �s h�gher (see A & B of F�gure 8-�). Of great 
�mportance to note �s that �t �s not necessar�ly the d�stance between the pump �tself and the del�very 
po�nt. Th�s has part�cular reference to submers�ble pumps where the level the pump �s set �n the water 
does not determ�ne stat�c head. It �s determ�ned by the pump�ng water level (see C).

���)
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8.2.3.3 Dynamic Head 

The only �mportant component of dynam�c head �s p�pe fr�ct�on, th�s be�ng determ�ned by water veloc�ty 
�n the del�very p�pe. The h�gher the veloc�ty the h�gher the fr�ct�on loss and �t �s �mportant to match the 
pump to the p�pel�ne. Fr�ct�on loss values for GI and PVC p�pes are g�ven �n Append�x.

Some �mportant po�nts to note when match�ng pumps and p�pel�nes are:

Fr�ct�on losses are cons�derably lower �n PVC p�pes than GI ones. For long p�pel�nes the use of 
PVC w�ll therefore reduce pump s�ze and energy consumed;
P�p�ng can be cons�derably more expens�ve than the pump�ng �nstallat�on and a p�pe s�ze smaller 
matched to a pump s�ze larger can reduce the �nvestment cost. Runn�ng costs w�ll be h�gher 
though; and
Total head reduces up the p�pel�ne and l�ghter duty p�pes can be used towards the system’s 
del�very po�nt.

Total fr�ct�on loss for a p�pel�ne (HF) = F x L/�00

Where:

F = Friction loss given for a particular .flow in a specified pipe size (m per 100m pipe 
length).

L = P�pe length (m).

8.2.3.4 Pressure Head 

When del�ver�ng to an open outlet pressure at the del�very po�nt �s zero and so �n most water supply 
�nstallat�ons th�s �s not a factor �n total head calculat�ons. However when pressure del�very �s requ�red, for 
instance, for fire installations or irrigation nozzles, the required pressure at the nozzle must be included 
when calculat�ng total head.

In order to find the total head required on a pump, static head plus dynamic head plus friction head must 
be added. This can be done graphically as follows. From figure 8-3 below, pump 3 or pump 4 can be 
selected, depend�ng upon requ�red pump capac�ty.

Figure 8-3: System Head Curve
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8.2.4 Suction Lift

8.2.4.1 General

A suct�on l�ft �s the vert�cal d�stance from the water level to the centre of 
the pump. The pressure of the atmosphere w�ll support a column of water 
about �0.36 m h�gh at sea level and �t therefore follows that, max�mum 
he�ght to wh�ch water can be theoret�cally l�fted by creat�ng a perfect 
vacuum �n the suct�on p�pe �s �0.36 m. Pumps l�ft water by generat�ng a 
part�al vacuum wh�ch perm�ts the atmospher�c pressure to force the water 
up the suct�on p�pe. It �s not however, pract�cally poss�ble for the pumps 
to ra�se water through that he�ght as the pumps can never create a perfect 
vacuum, because of the fr�ct�onal losses. Therefore, a pump �s not used 
for a total suct�on he�ght of more than 7.3� m and wh�ch too generally 
var�es from 4.57 – 6 m accord�ng to the make of the pump. For des�gn 
purposes �t �s usual to assume 4.88 m for centr�fugal pumps and 6 m for 
rec�procat�ng pumps.

Referr�ng to F�gure 8 -4 , the result for the appl�cat�on of Bernoull�’s 
equat�on between the sump water level and the pump (�mpeller) �nlet 
�nd�cates that the pressure at the pump �nlet, ps, �s below the atmospher�c 
pressure, pa, and �f th�s negat�ve pressure exceeds the vapour pressure 
limits, cavitation sets in, to avoid cavitation (otherwise the efficiency 
drops and the �mpeller becomes damaged) the suct�on head, hs, �s l�m�ted 
so that the pressure at the �nlet �s equal to the allowable vapour pressure, 
pv. Other measures such as m�n�m�z�ng head losses (by choos�ng large 
d�ameters and shorter lengths of suct�on p�pes w�thout regulat�ng valves) are also taken. 

The manometr�c head can be wr�tten as:

     Equation 8‑3

Where:
Hm: manometr�c head
Vs:  flow velocity in the suction pipe
Vd:  flow velocity in the delivery pipe
Hs:  stat�c head
hfs: head losses �n the suct�on p�pe (fr�ct�on, valves, bends etc)
hsd: head losses �n del�very p�pe (fr�ct�on, valves, bends etc)
g:   accelerat�on due to grav�ty

It should be noted that, �f the veloc�ty head �s negl�g�ble, the last term of the above equat�on �s left 
out in the computation of the manometric head. If the impeller losses are considered, the efficiency 
(manometric efficiency) of the pump is affected. The total head the pump must develop to overcome the 
impeller and system losses (in pipelines and pipe fittings) in lifting the water through a given static lift 
�s g�ven by.

     Equation 8‑4

Figure 8 4  The Manometer
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Where:
H : total head
Hm :   manometr�c head

 η : manometric efficiency of the pump

8.2.4.2 Practical Suction Head

The max�mum suct�on head (pump sett�ng) can be g�ven by;
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Where   ρ : dens�ty of water
 hfs : head losses �n the suct�on p�pe (fr�ct�on, valves, bends etc.)
 g : accelerat�on due to grav�ty
 Vs :   flow velocity in the suction pipe
 Pa :   atmospher�c pressure
 Pv :  allowable vapour pressure

The max�mum suct�on l�ft depends ma�nly on the alt�tude (and thus the atmospher�c pressure), the water 
temperature, the �ntake arrangement and the pump des�gn. In general the max�mum suct�on l�fts �n Table 
8-6 should not be exceeded.

Table 8-6: Maximum Suction Lifts

Altitude above Mean Sea Level (m) Maximum Suction Lifts (m)
0 5.0
500 4.5
�,000 4.0
�,500 3.5
�,000 3.0
�,500 �.5
3,000 �.0

Figure 8‑5: Definition Sketch For Pump Installation
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Non-compl�ance w�th the max�mum suct�on l�ft restr�ct�ons can result �n “cav�tat�on” and other 
assoc�ated problems �n a pump. “Cav�tat�on” �s caused when the atmospher�c pressure act�ng on the 
water surface in the suction pump is not sufficient to push the water into the pump adequately, to replace 
the volumes be�ng d�splaced by the �mpellers. In such c�rcumstances, the water around the �mpellers 
tends to vapor�ze and form bubbles wh�ch explode, form�ng cav�t�es �n the �mpellers. Th�s phenomenon 
results �n reduct�ons and d�scont�nu�t�es �n pump d�scharges, excess�ve no�se �n the pump and reduct�on 
in overall performance efficiency. 

The phenomenon is symptomatic of insufficient Net Positive Head Suction [NPSH] discussed in more 
deta�l elsewhere �n th�s manual. Th�s problem can be remed�ed by keep�ng the suct�on l�fts w�th�n the 
perm�ss�ble l�m�ts, adequate des�gn and �nstallat�on of suct�on P�pework and operat�ng pumps under the 
opt�mal ranges of the�r character�st�cs.

8.2.4.3 Net Positive Suction Head (NPSH)

The total head required to push water into the pump, overcome frictional losses as water flows into and 
within the pump also create sufficient flow velocity corresponding to the required flow rate is called the 
Net Pos�t�ve Suct�on Head (NPSH).The net pos�t�ve suct�on head (NPSH) �s g�ven by:

      Equation 8‑5
Where:

 ps: pressure at the pump �nlet 
 hs:  suct�on head
  η: manometric efficiency of the pump

The suction specific speed, Nss �s g�ven by:

          Equation 8‑6

The cavitation number, σ is given by:

       Equation 8‑7
Where:

 Ns = the specific speed
 Nss = the suction specific speed
 σ = the cavitation number.
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The suction specific speeds for most centrifugal and axial (propeller) type units range between 4,700 
and 6,700. The critical cavitation number σc to avo�d cav�tat�on accord�ng to Novak et al. (�007) as 
suggested (from model tests) can be wr�tten as:

     Equation 8‑8
The NPSH requ�rement curve �s normally prov�ded by the manufacturers and �s related to other phys�cal 
parameters through the follow�ng relat�onsh�p:

NPSH requirement of the pump ≤ B+Hsta-Hf
 Where:

Hsta = the stat�c he�ght d�fference between the centre l�ne of the pump element and the water 
level on the suct�on �ntake s�de of the pump, �n meters. The value �s negat�ve �f the pump �s 
placed above the water level �n the �ntake, and pos�t�ve �f the pump �s placed below the water 
level �n the �ntake.

Hf = fr�ct�onal head losses �n metres, �n the foot valve, the suct�on p�pe and pump cas�ng.

B = a factor wh�ch depends on the alt�tude (and thus the atmospher�c pressure), the water 
temperature and the water vapour pressure of the water as shown �n Table 8-7.

Table 8-7: Values of B.

Altitude above Mean Sea Level (m) Factor B (m)
0 9.4

500 8.9
�,000 8.4
�,500 7.9
�,000 7.3
�,500 6.8
3,000 6.3

When the NPSH requ�rement of a pump �s known (from the NPSH req curve of the pump), the l�m�t of 
Hsta at wh�ch the pump should be pos�t�oned can be calculated us�ng the relat�onsh�p g�ven below:

Hsta ≥ NPSH requirement of the pump +Hf –B    
Hsta �s negat�ve �f the pump �s placed above the water level �n the �ntake and pos�t�ve �f the pump 
�s placed below the water level �n the �ntake. Hence, gett�ng a negat�ve result of Hsta from the 
forego�ng calculat�on �nd�cates that the pump can be placed above the water level �n the �ntake, 
wh�le a pos�t�ve value shows that the pump must be placed below the water level �n the �ntake.

Some general po�nts about suct�on cond�t�ons are as follows:

It �s good pract�ce to keep suct�on p�pes as short as �s pract�cal.
Suct�on p�pes must be totally a�rt�ght. If there are any leaks the pump w�ll be unable to create the 
vacuum cond�t�on for suct�on to occur.
Suct�on p�pes must be stra�ght and la�d to r�se cont�nuously to the pump. If there are any leaks 
�n the p�pe a�r pockets w�ll form and the system w�ll become a�r locked.
Suct�on p�pes must be generously s�zed, one s�ze larger than the del�very p�pe be�ng standard 
practice. Also all suctions should be fitted with foot valves.
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Where the d�stance from the pump mount�ng po�nt to the water level �s greater than the ava�lable 
suct�on l�ft e�ther a submers�ble or a jet pump should be used.

8.2.5 Power Requirements

The power requ�rements for a water pump�ng un�t can be computed us�ng:

          Equation 8‑9

Where:
P = Power requ�red �n kW
Q = Pump�ng rate, l/s
H = Pump�ng head, �n meters (Stat�c head + losses)
η  = Pumping efficiency (a value between 0 and 1)

The correspond�ng energy demand can be calculated us�ng the follow�ng formula:

                   Equation 8‑10
Where:

E = Energy demand, �n kWh per year
Q = Pump�ng quant�ty of water per day, m3/day
H = Pump�ng head, �n meters (Stat�c head + losses)
η  = Pumping efficiency (a value between 0 and 1)

In practice, the efficiencies of small-capacity pumps are generally low. It can be assumed that the 
efficiencies are in the range of 30 % for pumps of capacities up to 0.4 kW, and 60 % for pumps of 
capac�t�es of 4 kW or more.

8.2.6 Estimating Efficiency of a Pump

Careful pump selection and its regular maintenance enable the pump to function as efficiently as possible 
and consequently lower running cost is obtained. Efficiency of the pump is all about how well the pump 
converts electrical power to the useful work of moving water. To enhance the efficiency of a pump, 
the manufacturer�s specification of how the pump was designed to operate at is compared with the 
calculated pump duty for any �mprovement to lower the pump�ng cost.

The steps in estimating the pump efficiency include the following:

Measure the power consumed, P �n kW;
Determine the flow rate, Q in litres per second;
Determ�ne the pressure head and suct�on l�ft to obta�n the total head, H �n meters;
Determine motor efficiency, Me in percentage: you can assume an efficiency of 85% for motors 
up to �5 kW, and 90% above �5 kW. Generally, submers�ble motors are generally 4 po�nts lower 
than other motors: e.g. for a 22.4 kW 2-pole submersible, motor efficiency is 86%;
Determ�ne transm�ss�on losses: th�s loss can be �ncluded �n terms of dr�ve factor (Df) e.g. �f 
the loss of energy through the transm�ss�on �s 5 %, then the dr�ve factor (Df) �s 0.95; for V-belt 
dr�ves, Df �s 0.9 wh�le for gear dr�ves, Df �s 0.95; and
Calculate pump efficiency, E in percentage:
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Equation 8‑11

8.3 Power Sources

8.3.1 General

The d�fferent types of power sources commonly used for water supply pumps �n Uganda �nclude:

D�esel eng�nes;
Electr�c motors powered by the nat�onal electr�c gr�d;
Electr�c motors powered by local d�esel electr�c generators;
Electr�c motors powered by solar power equ�pment; and
Human – powered pumps – hands.

8.3.2 Diesel Engines

The d�esel �s an �nternal-combust�on eng�ne wh�ch burns low-grade fuel o�l. The fuel �s atom�zed, forced 
�nto the cyl�nder, and �gn�ted by the compress�on �n the cyl�nder. D�esel eng�nes are espec�ally adapted to 
plants of moderate s�ze or where electr�c current are h�gh. Although the d�esel plant can be used to dr�ve 
any type of pump and has the advantage of be�ng completely self-conta�ned, note should be taken of �ts 
h�gh �n�t�al cost and requ�rement of sk�lled attent�on. Gear�ng or any other su�table transm�ss�on system 
to connect the eng�ne to the pump �s requ�red. 

The effects of alt�tude and temperature on the power output of d�esel eng�nes must be taken �nto account. 
Hum�d�ty may also have a sl�ght adverse effect on power output. 

The follow�ng cons�derat�ons should be undertaken for d�esel eng�nes:

The decrease �n power output can be assumed to be about 0�% for every �00 m r�se �n alt�tude 
above mean sea level;
Power output can be assumed to be about 0�% for every 0.5 °C r�se �n a�r temperature above 
30 °C;
A d�esel eng�ne dr�v�ng a water pump, should be able to g�ve �5 – 30% more power than �s 
requ�red by the pump under normal cond�t�ons; and
Under normal cond�t�ons, d�esel eng�nes should run at speeds between �,500 and �,000 rev m�n-

�. The eng�nes should be able to be started by hand operat�on.

8.3.3 Electric Motors

Where available is the cheapest, efficiency is very high and the plant is very compact and is put on or off 
�n a movement. Electr�c motors are s�lent �n work�ng, free from nu�sance of smoke and occupy very l�ttle 
space. When a centr�fugal pump �s dr�ven by a closely coupled electr�c motor constructed for submerged 
operat�on as a s�ngle un�t, �t �s called a submers�ble pump. The electr�cal w�r�ng to the submers�ble motor 
must be waterproof. The electr�cal control should be properly grounded to m�n�m�ze the poss�b�l�ty 
of short�ng and thus damag�ng the ent�re un�t. The pump and motor assembly are supported by the 
d�scharge p�pe; therefore, the p�pe should be of such s�ze that there �s no poss�b�l�ty of breakage.

The fact that motor dr�ve �s espec�ally conven�ent for the centr�fugal pump may be a factor for the use 
of electr�c power �n the water supply pump works. Electr�c motors should be capable of carry�ng out the 
workloads �mposed, tak�ng �nto account the var�ous operat�ng cond�t�ons under wh�ch the pumps they 
dr�ve have to work. If the power requ�rements of a pump exceed the safe operat�ng loads of the electr�c 
motor dr�v�ng the pump, the motor may get damaged or completely burnt out. Attent�on must also be 
pa�d to the operat�ng character�st�cs of the motor and �ts supply voltage. 
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The approximate efficiencies of three-phase motors under full-load are as follows:

70% for � kW motors;
80% for �kW motors;
85% for �0 kW motors; and
90% for 50 kW and larger motors.

It �s not pract�cal to choose a motor of a capac�ty less than 0.�5 kW, even �f the actual power requ�rement 
�s smaller. In order to avo�d overload�ng an electr�c motor, the rated power of the motor should exceed 
the power requ�rement of the pump by the follow�ng percentages:

50% for pumps requ�r�ng up to �.5 kW;
30% for pumps requ�r�ng between �.5 and 4 kW; 
�0% for pumps requ�r�ng between 4 and 8 kW; 
�5% for pumps requ�r�ng between 8 and �5 kW; and
�0% for pumps requ�r�ng over �5 kW.

8.3.4 Solar Power

Solar-powered water pumps or photovolta�c pumps (PVP) are an effect�ve alternat�ve to convent�onal 
gas or electr�c pumps. Modern pumps are powered by solar energy effect�vely and used �n d�fferent parts 
of the world. PVP systems offer numerous advantages over water supply systems ut�l�z�ng convent�onal 
power:

PVP systems may be the only pract�cal water supply solut�on �n many reg�ons where the log�st�cs 
make �t too expens�ve or even �mposs�ble to supply d�esel generators w�th the requ�red fuel;
PVP systems are �deal for meet�ng water requ�rements for v�llages between 500 and �,000 
�nhab�tants and small scale �rr�gat�on purposes (up to 3 hectares);
PVP systems run automat�cally, requ�re l�ttle ma�ntenance and few repa�rs;
In areas where PVPs have entered �nto compet�t�on w�th d�esel-dr�ven pumps, the�r 
comparat�vely h�gh �n�t�al cost �s offset by the ach�eved sav�ngs on fuel and reduced ma�ntenance 
expend�tures;
The use of solar energy el�m�nates em�ss�ons and fuel sp�lls thereby mak�ng photovolta�c pumps 
an env�ronmentally sound and resource-conserv�ng technology;
There �s no need for compl�cated w�r�ng for the electr�c�ty and outs�de fuel �s not needed;
They do not requ�re batter�es, wh�ch are expens�ve and need a lot of ma�ntenance; and
The ma�ntenance of a PVP system �s restr�cted to regular clean�ng of the solar modules. 

Depend�ng on the water qual�ty, the only mov�ng part of the system, the submers�ble motor pump, has 
to be checked every 3 to 5 years.

Taken together, these reasons are an �ncent�ve for Ugandan water author�t�es as well as pr�vate �nvestors 
to dec�de �n favour of a PVP system as aga�nst convent�onal pump�ng techn�ques.

The three components of a solar-powered water pump�ng system are:

Photovolta�c (PV) array (solar cells);
Electr�c motor; and
Water pump.

The PV array generates d�rect current (DC) electr�c�ty when exposed to sunl�ght. Th�s electr�c�ty �s fed 
�nto the electr�c motor and wh�ch �n turn dr�ves the water pump. Opt�onal components of the system 
�nclude the follow�ng:
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Controllers (for regulat�ng current and/or voltage);
Inverters (for convert�ng DC power from the PV array to alternat�ng current (AC) power for 
certa�n types of motors);
Electronic maximum power tracking devices, MPPT (to obtain a more efficient operation of the 
array and the motor); and
Batter�es (used for both voltage regulat�on and energy storage and also for generat�ng the requ�red 
start�ng currents needed to overcome h�gh electr�c motor start�ng torques).

The select�on of PV arrays and assoc�ated equ�pment should always be made �n consultat�on w�th the 
relevant manufacturers. The operat�ng pr�nc�ple beh�nd any photovolta�c pump�ng system �s qu�te 
s�mple. A solar generator prov�des electr�c�ty for dr�v�ng a submers�ble electr�c pump, wh�ch �n turn 
pumps water �nto an elevated water tank that br�dges n�ght-t�me per�ods and cloudy days. Force of 
gravity causes the water to flow from the tank to public water taps and watering points for livestock or 
to the �rr�gat�on system. On a clear, sunny day, a med�um-s�ze PVP system w�th an �nstalled power of 
� kW w�ll pump approx�mately 35 m3 of water per day to a head of 30 meters. That amount of water �s 
sufficient for communities with populations up to 1,400. Additional performance data for the various 
system des�gns are �nd�cated �n F�gure 8-6. Today‘s generat�on of PVP systems �s h�ghly rel�able. For 
the most costly part, the PV generator, the manufacturers g�ve a �0 year guarantee on the power output. 
A crucial prerequisite for the reliability and economic efficiency is that the system be sized appropriate 
to the local s�tuat�on.

The power output of a PV array �s d�rectly proport�onal to the solar �rrad�at�on fall�ng onto the array. The 
power flow through a typical solar-powered water pumping system is in Figure 8-6. Accordingly, the 
best efficiencies that are expected are as follows:

PV array  ��% of the total solar power rece�ved by the PV array; and
Motor-pump un�t 4.5% of the total power rece�ved by the PV array

The formula below can be used to est�mate the da�ly solar power requ�rement of a water pump�ng 
system, �n kWh.

    
kW       

e
HQgP

×
×××ρ

=
3600  Equation 8‑12

Where:
P = Power requ�red �n watt-hours/day
g = accelerat�on due to grav�ty = 9.8 m/s�

ρ = density of water = 1000 Kg/m3
Q = da�ly water requ�rement, m3/d
H = Total Pump�ng head, �n meters 
e = Overall mechanical efficiency of the system.

In practice, the overall mechanical efficiency of the system is about 30%.A typical performance curve, 
show�ng the power generated by a PV panel dur�ng the day �s g�ven �n F�gure 8-7. Solar panels are 
specified by the Peak Power Rating, the power output of the PV panel in watts when the panel is 
rece�v�ng rad�at�on of �,000 watts per square metre, at amb�ent temperature of �5 °C. The ava�lable 
power �n watt-hours per day �s equal to the hatched area of F�gure 8-7. Th�s �s area �s equal to the Peak 
Power Rat�ng of the panel mult�pl�ed by 5 hours. Thus, �f a panel �s rated at 50 Watts Peak Power, then 
the useful Da�ly Output �s �50 Watt-hours.
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Thus the number of PV panels requ�red can be found us�ng the formula below:

      
5  Rating Power Peak

Required Power Daily
 required panelsof  Number

×
=

     
Equation 8‑13

Figure 8-6: Losses in a Typical Solar PV Pumping System.

Figure 8-7: Diurnal Power Generation from a Solar PV Panel.

When des�gn�ng solar-powered water pump�ng systems, keep �n m�nd that:

PV arrays panels are prone to vandal�sm and thus they should be protected by fenc�ng; and
The shad�ng of PV arrays should be avo�ded by s�t�ng obstruct�ons on the south s�de of the arrays 
and by keep�ng the surround�ng vegetat�on always cut.

8.3.5 Sizing a PVP-System

The PVP system is sized on the basis of the findings from a local data survey. While an onsite survey of 
meteorolog�cal and cl�mat�c data would be worthwh�le �t �s usually h�ndered by lack of t�me and money. 
Many systems are based on the known data of a nearby reference locat�on for wh�ch relevant measured 
values are ava�lable. 
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If it is possible to visit the intended location, the following field data should be gathered:

Water qual�ty;
Demand for water �n the supply area;
Pump�ng head w�th allowance for fr�ct�on losses and well dynam�cs; and
Geograph�cal pecul�ar�t�es, e.g., valley locus.

It �s also �mportant to �nclude soc�olog�cal factors �n the plann�ng process. The future users should be 
�nvolved �n the data-gather�ng process at the �ntended PVP s�te �n order to make early allowance for 
the�r customs and trad�t�ons �n relat�on to water. Women �n part�cular must be �ntens�vely �nvolved �n the 
plann�ng, because they are the ones who are usually respons�ble for ma�nta�n�ng hyg�ene and fetch�ng 
water. Thus, the plann�ng base for each d�fferent locat�on should cover both techn�cal and soc�olog�cal 
aspects.

The techn�cal planner can choose from a number of des�gn methods of var�ous qual�t�es. The most 
commonly employed approaches are outl�ned below.

8.3.6 Estimation of PV Generator Output

To arrive at a first estimate of how much the planned PVP system will cost for a just selected site, 
it is a good idea to first estimate the requisite size of the PV generator. This, however, presumes 
knowledge of the essent�al s�z�ng data, namely the da�ly water requ�rement w�th�n the area of supply 
(Vd), the pump�ng head to be overcome by the pump (H), and the mean da�ly total of global �rrad�at�on 
(Gd) for the des�gn month.

A simple arithmetic formula allowing for the individual system component efficiencies can be used to 
calculate the requ�red solar generat�ng power, PSG. The equat�on reads:

     Equation 8‑14
Accord�ng to th�s equat�on, �t takes a 3.5-kWh PV generator to del�ver water at the rate of 30 m³/d at a 
head of 50 m for a da�ly total global �rrad�at�on of 5 kWh/(m²*d). Th�s g�ves the planner an �nstrument 
for est�mat�ng the s�ze of the PV generator and, hence, the cost of the planned system at the t�me of s�te 
select�on. 

There are three categor�es of PVP products on the market:

Solar Products manufacturers;
Pump�ng products manufacturers; and
System �ntegrators.

Whatever source of equ�pment suppl�er �s selected, �nstallat�on must be done �n accordance w�th the 
suppliers manuals and conditions and the relevant regulations and any case relevant qualified personnel 
must be consulted at all t�mes.

8.3.7 Wind Energy

For adequate usage of w�nd power, the w�nd speed should be h�gher than �.5 to 3 m/s for at least 60% of 
the t�me. The w�ndm�ll should be placed above surround�ng obstruct�ons such as trees or bu�ld�ngs w�th�n 
��5 m; preferably, the w�ndm�ll should be set out on a tower of 4.5 to 6 m h�gh. Cons�der protect�on by 
prov�s�on of an automat�c lubr�cat�on system or cover�ng of the w�ndm�ll dr�v�ng mechan�sm. 
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In order to d�rectly pump water by a w�ndm�ll, there �s need to match the character�st�cs of the local 
w�nd reg�me, the w�ndm�ll and the pump. Th�s therefore means that, the manufacturers should always 
be consulted regard�ng the select�on of the equ�pment. 

The d�scharge Q that can be pumped by a w�ndm�ll can be est�mated by the formula below:

       Equation 8‑15
Where:
 D = w�nd rotor d�ameter �n meters,
 V = w�nd veloc�ty �n meters per second,
 H = pump�ng head �n meter,
 e = wind to water mechanical efficiency, value 0-1.

Windmills with rotor diameter between approximately 2 m to 6 m are usually available. The efficiency, 
e w�ll rarely exceed 30%.

The power �n the w�nd �s proport�onal to the w�nd speed cubed:

          Equation 8‑16
Where:

P = power (KU)
d = dens�ty of a�r (�.� kg/m3)-ASL
V= �nstantaneous free steam w�nd veloc�ty (m/s)

About 5 years of data would g�ve the des�gner reasonably representat�ve averages follow�ng the fact 
that the monthly w�nd speed var�es greatly between �0 % to �0 %. Therefore, the relat�onsh�p from the 
preced�ng formula of power ava�lab�l�ty �s extremely sens�t�ve to w�nd speed e.g. doubl�ng the w�nd 
speed �ncreases the power by �3 or more.

In s�z�ng of w�ndm�ll, the d�ameters of the�r w�nd wheels are used. The larger the d�ameter of the w�nd 
wheel, the greater the elevat�on to wh�ch the water can be pumped. If the w�ndm�ll �s at the top of a h�ll, 
a reduced tower he�ght can be used. Table 8-8 below shows the des�rable m�n�mum he�ghts to wh�ch the 
w�ndm�ll towers for average cond�t�ons as funct�on of the w�ndm�ll d�ameter. 

Table 8-8: Sizing of Windmill.

Wind Wheel Diameter (m) Windmill Tower Height (m)
�.8 7.5
�.4 9.0
3.0 9.0
3.6 ��.0
4.� ��.0
5.� �3.5
6.3 �3.5
7.5 �6.5
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For successful operat�on of a w�nd pump, at least w�nd speed of � to 3 m/s �s requ�red. Effort should be 
made to acqu�re a w�nd map of the area to gu�de w�th the w�nd speed throughout the year. Th�s �nformat�on 
�s ava�lable from the Meteorolog�cal Department �n Entebbe; however, �t may requ�re �nterpretat�on and 
organ�sat�on to ensure that �t �s appl�cable to the area �n quest�on.

8.3.8 Pump Electrical Control

Most pumps are powered by electr�c motors and a correct electr�cal �nstallat�on �s essent�al to ensure 
effect�ve operat�on of the pump.

8.3.9 Motor Starting

The type of motor starter depends upon the type of motor be�ng �nstalled.

8.3.9.1 Small Single Phase Motors

Most small s�ngle-phase pumps are des�gned to operate w�thout a remote starter and can be d�rectly 
connected to the ma�ns v�a an appropr�ate fuse or MCB. These pumps have bu�lt �n thermal overload 
protect�on, wh�ch stops the motor �n the event of an electr�cal or mechan�cal overload.

8.3.9.2 Large Single Phase Motors

Large s�ngle – phase motors, usually greater than �.5 HP usually do not have bu�lt �n motor protect�on 
and a d�rect-on-l�ne starter should be used. If �n doubt, contact the pump suppl�er.

8.3.9.3 Small Three-Phase Motors

Three phase motors for centr�fugal surface pumps up to 7.5 HP need a d�rect-on-l�ne starter w�th 
appropr�ate overload relay.

8.3.9.4 Large Three-Phase Motors

Three phase motors from 7.5 kW to 30 kW are usually specified with a Star/Delta starter with appropriate 
overload relay.

Borehole Pumps - Due to the part�cular des�gn of a borehole pump, motor manufactures 
recommend the use of D�rect-on-l�ne Starters for all motor s�zes up to �5kW and Auto-Transformer 
or su�table alternat�ves for motors above that s�ze. Star/Delta starters are not recommended for 
boreholes because the 3 phase motor starts w�th low current gradually bu�ld�ng �ts speed to the 
po�nt where delta connect�on takes over. Th�s �s d�sadvantageous espec�ally �n cases of low 
torque caus�ng the pump motor to stall and also the motor can stall �n trans�t�on. Th�s could 
cause a return of water already pumped caus�ng  a water hammer on the pump, drop �n water 
column and �ntroduct�on of a�r pockects �n the r�s�ng ma�n. Therefore, soft starters are a better 
opt�on although costly; and
Motor Protect�on - Current overload can be caused by electr�cal or mechan�cal overloads �n the 
motor or poor qual�ty electr�cal supply voltages. All motor starters prov�de protect�on aga�nst 
current overloads, the protect�on level be�ng determ�ned by the overload relay sett�ng. It �s very 
important to ensure that the overload relay fitted to the starter is correctly rated and set, these 
be�ng determ�ned by the full load current of the motor. The correct overload sett�ng �s 5% above 
the full load motor current for DOL starters and 60% of the full load current for star/Delta 
starters.

Irrespective of whether a starter is fitted or not, all pump installations must be provided with a switched 
current protect�ve dev�ce (e�ther a fuse or MCB) wh�ch should be rated approx�mately 50% above the 
full load motor current.

�)

��)
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For more soph�st�cated or h�gh cost �nstallat�ons add�t�onal protect�on �s often necessary and protect�ve 
relays for sens�ng over and under supply voltage, phase asymmetry and phase fa�lure are often prov�ded. 
These un�ts are �nstalled as a supplement to the motor starter. Also ava�lable are electron�c controllers 
wh�ch as well as prov�d�ng a normal start�ng fac�l�ty (usually DOL), also prov�de �ntegrated current, 
voltage and run dry protect�on. It �s �mportant to d�scuss opt�ons w�th the pump suppl�er so the best 
motor protection accessories are specified.

8.4 Design of Sump and Pumping Mains

8.4.1 System Characteristic, Duty Point, and Operational Range

The efficient design of a pumping station largely depends on the piping system used to convey 
the fluid. Friction and other losses in the system, which are a function of discharge, have to be 
overcome by a pump, the performance of which is interrelated with the external pipe (system) 
characteristic. The pump characteristic at a given speed, N, is a function of discharge and is 
written as

Hm = AQ�   + BQ + C           Equation 8‑17
Where A, B and C are the coefficients which can be evaluated from its Q-H curve. The system 
curve is given by:

                Equation 8‑18
Where  hm = m�nor system losses
 hf = major system losses
 Hm = total (manometr�c) head

The m�nor and major losses can be expressed as KQ�, K being the appropriate loss coefficient. The 
solut�on of the two equat�ons above, e�ther analyt�cally or graph�cally (see F�gure 8-8), g�ves the duty 
po�nt of the �nstallat�on at wh�ch the pump del�vers the requ�red d�scharge. It �s �mportant that the duty 
point coincides with the peak efficiency of the pump for its economical operation. For varying discharges, 
the un�t may be throttled over an operat�onal range at the expense of the head. However, the extent of the 
operational range may have to be limited to one giving reasonably high pump efficiencies. 

Figure 8 8: Pump-Line Characteristics
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8.4.2 Selection of Pipeline Diameter

The best poss�ble d�ameter of a p�pel�ne system for a pump�ng un�t depends on the system character�st�c. 
The var�ous p�pel�ne systems wh�ch could be cons�dered as match�ng the pump character�st�c are shown 
in Figure 8-9. It must be noted that, each operational point corresponds to a particular efficiency of 
the pump, and the system select�on largely depends on the d�scharge-head requ�rements and on pump 
efficiency.

Figure 8-9: Selection Of System Pipeline Diameter
8.4.3 Sump Design

The most �mportant aspect of pump�ng �nstallat�on �s the suct�on (sump), w�th a good �ntake (�nlet to 
the suct�on p�pe) arrangement. In the case of shallow submergence of the �nlet, the format�on of a local 
vortex at the water surface �s often observed. Such a s�tuat�on may also ar�se �f he volume of water �n 
the sump �s �nadequate, �n wh�ch case the sudden start�ng of the pump lowers the water surface. Equally 
sudden steep velocity gradients, high velocities, sudden changes in the flow direction as water enters the 
bell-mouth inlet in the sump and several pump units set in a long narrow sump with inflow from one end 
also aggravate the format�on of vort�ces. 

The vortex entrains large quantities of air into the pump suction pipe. This causes a drop in efficiency and 
structural v�brat�ons, and �ncreases the corros�on damage of the pump and �ts accessor�es. A good sump 
design must therefore avoid the formation of vortices; this can be done by directing the flow uniformly 
across the sump w�dth w�th an approach veloc�ty of around 0.3 m/s and by avo�d�ng abrupt expans�on of 
the side walls and large stagnation zones in the sump (minimizing large-scale swirling flow). For larger 
expansions ratios {[area at outlet/area at inlet]>2} vanes may have to be provided for uniform flow 
distribution. The pump intake must be located in the direction of the approach flow if possible. Multiple 
�ntakes from the same sump should be separated by d�v�d�ng walls (to m�n�m�ze �nterference). The most 
effective free-surface vortex-suppressing device is a horizontal floor grating, installed about 100 to 150 
mm below the water level. Other devices such as floating rafts, grating cages, and curtain walls are also 
used as vortex suppressors. Prov�s�on of a bell-mouth entry at the �nlet to the suct�on p�pe m�n�m�zes 
entrance losses and facilitates smooth axial flow. 
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For intakes with proper approach flow conditions (without any vortex-suppression devices) the minimum 
requ�red submergence could be wr�tten as:

    Equation 8‑19

     Equation 8‑20
Where:

h : depth [m] of submergence to the centre of �ntake p�pe of d�ameter, d [m]
 Frd : Froude Number, [-]
 V : veloc�ty �n the �ntake p�pe, m/s

a, b : constants

The constant a, var�es from 0.5 to �.5 wh�le b var�es from � to �.5 (Knauss, �987). At low Frd (≤ 0.3, i.e. 
large-s�ze �ntakes) a value of a, of at least � �s recommended.

The minimum sump volume for good flow conditions also depends on the maximum allowable number 
of pump starts �n a g�ven t�me. Start-up of an electr�c motor generates cons�derable heat energy �n the 
motor, and hence the number of starts must be l�m�ted. The m�n�mum sump volume, Vm�n, between stop 
and start of a s�ngle pump un�t �s g�ven by:

         Equation 8‑21
Where:

QP : the pump�ng rate, T: T�me between starts.

The equat�on above suggests that for a frequency of �0 starts per hour (T = 6 m�n), the m�n�mum 
volume �s �.5 t�mes the pump�ng rate per m�nute. When two or more pumps are used, the start levels are 
normally staggered and the equat�on �s appl�ed to the largest pump.

For a mult�-system, an add�t�onal volume of 0.�5 t�mes the plan area of the sump (�n m3) should be 
prov�ded. 

8.4.4 General Design Considerations of Pumping Stations and Mains

R�s�ng ma�ns (p�pe l�ne systems) from a pump�ng stat�on normally follow the ground contours, w�th 
the�r carry�ng capac�t�es dependent on the�r hydraul�c grad�ents. The grad�ent of a r�s�ng ma�n �s g�ven 
by the pressure and fr�ct�on heads determ�ned by the character�st�cs of the pump-p�pel�ne character�st�cs. 
When boosting the flow through an existing pipeline by installing a booster pump the elimination of 
suct�on troubles may have to be cons�dered.

Booster pumps are normally comm�ss�oned whenever there �s an �ncreased demand (e.g. peak day t�me 
consumpt�on). Automat�c cut-�n and cut-out arrangements of the booster must be prov�ded so that the 
p�pel�ne �s not subjected to h�gh pressures dur�ng off-peak (n�ght-t�me) per�ods when the demand reduces 
cons�derably. A s�mple and econom�cal dev�ce to control the operat�on of the booster pump �s to prov�de 
a balanc�ng tank �n the system at an appropr�ate po�nt w�th the water levels �n the tank tr�gger�ng the 
pump on and off accord�ng to demand (see Twort et al., �000). 
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Pump�ng stat�ons for water supply from r�ver �ntakes or boreholes are normally des�gned to d�scharge 
cont�nuously over a per�od of �0 – �� hours a day. Booster may also need storage fac�l�t�es. Pump�ng 
ma�ns are usually des�gned for veloc�t�es of around 0.9 – � m/s when supply�ng water at a constant 
rate throughout the day. This may be doubled for short-period pumping. Prior to the final selection 
of the p�pel�ne d�ameter, econom�cal analyses balanc�ng the costs of large d�ameter p�pel�nes and 
the�r ma�ntenance, and the sav�ngs �n pump�ng costs due to the reduct�on �n fr�ct�on losses, must be 
carr�ed out.

8.4.5 Multiple Pump Design Considerations

8.4.5.1 Introduction 

A water system may include multiple pumps designed and operated to provide variable design flows 
to its service area. The configuration of a multiple pump operation can be “parallel” or in “series.” 
The des�gn eng�neer should be fam�l�ar w�th the procedures for s�z�ng mult�ple pumps under e�ther the 
parallel or ser�es operat�onal modes.

Pump comb�nat�on �s one of the �mportant factors cons�dered �n the s�z�ng of pumps and pump�ng 
stat�ons. The �dea beh�nd pump comb�nat�on �s to use ser�es of smaller pumps rather than one larger un�t 
as an economic alternative. This allows a smaller pump operating at a higher efficiency to be used during 
low demand per�ods w�th resultant sav�ng �n runn�ng costs. However, what needs to be sat�sfactor�ly 
resolved by the des�gner to ensure feas�b�l�ty of a mult�ple pump �nstallat�on �s address�ng the fact 
that the change from single pumps to multiple operations may affect individual pump efficiencies and 
ma�ntenance costs.

8.4.5.2 Parallel Pump Operation

The comb�ned pump head-capac�ty curve �s determ�ned at the same head. Just add the capac�t�es 
of the individual pump curves after they are modified to account for ordinary friction losses that 
occur as part of the system head-capac�ty curve. The po�nt where the comb�ned curve and the system 
head-capacity curve intersect yields the total capacity of the combined pumps and the modified head 
at wh�ch each operates. The actual total capac�ty �s normally less than the sum of the �nd�v�dual 
capac�t�es of each pump.

8.4.5.3 Series Pump Operation

The comb�ned head-capac�ty curve �s determ�ned by add�ng the head of each pump at the same capac�ty 
(pump�ng rate). Th�s mode �s used to �ncrease the head capac�ty of the pump�ng stat�on. The comb�ned 
operat�ng head w�ll be greater than each �nd�v�dual pump can prov�de, but not as great as the�r sum. 
Several textbooks cover the des�gn and select�on of pumps for mult�ple pump operat�ons (Heald �00�; 
Sanks et al. �998; Karass�ck �00�; Wh�te �998; Lobanoff and Ross �99�; H�cks and Edwards �97�).

8.5 Pump and Pipe Installations in the Pump House

8.5.1 General

Pump �nstallat�ons w�th del�very heads exceed�ng �50 M should be avo�ded. Such h�gh pressures put 
cons�derable stra�n on pumps and pump p�pe work systems and they are l�kely to cause cons�derable 
operat�on and ma�ntenance problems. Surface pumps, electr�c motors, d�esel eng�nes and d�esel electr�c 
generators should be placed on concrete pedestals, espec�ally des�gned and �solated from the rest of the 
floor slabs of the pump houses.
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8.5.2 Installation of Pump Controls

8.5.2.1 Introduction 

Level controllers can be used to start and stop pumps e�ther at h�gh level or low level. A convent�onal 
�nstallat�on �s shown �n F�gure 8-�0.

Figure 8-10: Typical Pump Control Installation
8.5.2.2 Low Level

Control �s prov�ded for pump protect�on to stop the pump �n the event that the supply reservo�r 
empt�es.

8.5.2.3 High Level 

Control �s prov�ded to stop and start the pump accord�ng to demand at the del�very reservo�r. Three types 
of level controllers are popularly used:

Float Switch - This is the simplest device and operates via a float activating lever which makes 
and breaks the electrical circuit. High and low level switching is adjusted by stops on a string. 
The advantage of these devices is their low cost, though they tend to be the list reliable of the 
options available.
Paddle Switch - The paddle switch is suspended above water level and makes and breaks the 
electrical circuit by changing from the vertical to the horizontal position. The device is reliable, 
economic and simple to install, though is restricted to fairly small level differentials.
Electrode Control - This is an electric device operated by means of suspended electrodes. 
Though the most expensive option, it is easy to install in difficult sites and provides precise level 
control.

Figure 8-11: Types of Level Controllers

i)

ii)

iii)
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Level controllers are generally operated by mak�ng or break�ng the control c�rcu�t on a relay (often 
�ncorporated �nto the motor starter), wh�ch starts and stops the pump motor. For small pump, sw�tches 
can be �nstalled d�rectly onto the pump’s electr�cal supply, though care should be taken to make necessary 
connect�ons on the neutral l�ne to prevent sw�tch damage.

8.5.3 Pressure Control

Pressure sw�tch dev�ces are used for two funct�ons:

Pressure Control: - To start and stop a pump instead of a level controller. Such installations 
are necessary when the pump is some distance from the delivery point and cabling would be 
expensive. Pressure control requires an appropriately rated pressure switch wired through the 
pump starter to start and stop the pump at pre-set pressures. Pump cycling is avoided by using a 
time relay on the starter and a small surge vessel.
Pressure Supply: - To control the operation of one or more pumps depending upon site demand. 
For larger systems a pressure switch is used to switch the pump. Pump cycling is controlled by 
a larger air vessel and a time delay relay should not be fitted. For smaller systems specialized 
integrated control devices are available including the ‘Presscontrol’ and ‘Hydrascan’ units which 
switch off at low flows and switch on at low pressures. System design and vessel sizing should 
be referred to a Pump Specialist.

Figure 8-12: Types Of Pressure Control Installations

8.5.4 Electronic Controllers

8.5.4.1 Introduction 

Mult�-funct�on electron�c controllers are the modern and most effect�ve form of pump control wh�ch 
offer the benefits of much simplified installations and a wide variety of control features. Various types 
are ava�lable as follows:

8.5.4.2 Press Control

Act�vates pump start�ng when l�ne pressure drops to a pre-set level and stops �n a low cond�t�on, wh�ch 
also prov�des protect�on aga�nst dry runn�ng when there �s no water �n the suct�on.

i)

ii)
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8.5.4.3 Easypress

Offers s�m�lar control features to the presscontrol, though �n add�t�on �ncludes auto restart �n the run 
dry cond�t�on when water returns and adjustable cut-�n pressures. The un�ts �nclude a bu�lt-�n pressure 
gauge.

8.5.4.4 Brio

Act�vates pump start�ng when the l�ne pressure drops to a set, though adjustable l�ne pressure and stops 
on adjustable pressure so the stop pressure �s not the closed head of the pump. The un�t also self-adjusts 
to pressure drops result�ng from system water seepage reduc�ng pump cycl�ng frequency.

8.5.4.5 Torrium

The most soph�st�cated controller ava�lable that features an adjustable start pressure, pump stopp�ng 
on low flow, an intelligent processor that adjusts pump cycling to system conditions and also protects 
aga�nst h�gh runn�ng current and low �ncom�ng power supply voltage.

8.5.4.6  Variable Speed Dives

Controls pump output to a fixed adjustable line pressure by varying the pump motor speed. Controllers 
also prov�de protect�on aga�nst runn�ng dry and non-standard �ncom�ng power supply voltage.

8.5.5 Electrical Installation

8.5.5.1  Introduction 

Correct electr�cal �nstallat�on for all pumps �s essent�al to ensure adequate safety and operat�onal 
efficiency. The following must be considered:

8.5.5.2  Control Panels

A properly specified control panel is vital for the long life and efficient operation of all pumps with 
var�ous opt�ons be�ng ava�lable.

8.5.5.3 Cable Size

The appropr�ate s�zed cables must be used to avo�d excess�ve voltage drops over the cable length. 
Voltage drops should be less than 5% from the power source to the pump, th�s be�ng calculated by use 
of the voltage drop.

Voltage drop ≥ L x A x Vd
Where L ≥ Cable length (m)

A ≥ Pump operating current (Amperes)
Vd ≥ Voltage Drop Amp/m for the cable size selected.

8.5.5.4 Earthing

All �nstallat�ons must be correctly earthed e�ther to the ma�ns or a separate earth rod �nstalled adjacent 
to the control panel. Earthing has very important safety implications and a qualified electrician must be 
consulted on th�s aspect of an �nstallat�on.

8.5.5.5 Wiring

Use only professional panels correctly wired to the laid down electrical standards. 
Inadequately wired control panels can be very dangerous and also lead to pump problems 
caused by bad connections.
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8.5.6  Pump Pipe work

Where pumps are �nstalled to operate under suct�on l�ft cond�t�ons, as d�scussed elsewhere �n th�s 
manual, separate suct�on p�pes should be prov�ded for each pump. In such c�rcumstances, the suct�on 
p�pes should always be equ�pped w�th stra�ners and non-return foot (non-return) valves.

A slu�ce valve and a non-return (check) valve should also always be prov�ded on the d�scharge p�pe 
of a pump. Pumps must be prov�ded w�th appropr�ate pressure gauges �n the suct�on and d�scharge 
p�pes. A by-pass p�pe should be prov�ded between the d�scharge p�pe and the suct�on p�pe, to fac�l�tate 
the cleaning of the strainer by flushing. Pipework close to a pump should be supported so as to avoid 
v�brat�ons be�ng transm�tted d�rectly to or from the pump.

8.5.7 Head Losses in Pump Pipework

Figure 8-13 show head losses in various configurations of pipework. The nomograph is useful for a 
variety of fixtures shown in Figure 8-14.

Figure 8-13  Head Losses in Pump Pipework
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Figure 8-14: Head Losses in Pipe Fittings.

8.5.8 Pump Suctions

The des�gn and �nstallat�on of pump suct�ons �s a cr�t�cal factor �n ach�ev�ng the requ�red Net Pos�t�ve 
Suct�on Heads (NPSHreq) of the pumps. Suct�on should be des�gned �n such a way as to m�n�m�ze 
suct�on losses. Suct�on p�pes should always be as short as poss�ble, slope un�formly upwards towards 
the pump and be w�thout upward loops. Where loop�ng �s unavo�dable, a downward loop should be used 
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as �llustrated �n F�gure 8-�5. Part�cular care must be taken to ensure un�form water entry �nto double-
suct�on pumps, so that one s�de �s not left ‘starv�ng’. ‘Starv�ng’ reduces pump capac�ty and can cause 
over-load�ng. To stop a�r from be�ng drawn �nto a suct�on p�pe, the p�pe must be completely a�r-t�ght 
and �ts �nlet end should be submerged by a water depth of not less than �.0 m. It �s recommended to use 
suct�on p�pes w�th bell-mouth �nlet ends comb�ned w�th foot valves and a stra�ner. The veloc�ty of water 
through the pump suct�on should not exceed �0 m/s.

Figure 8-15: Pump Suction Design

(A) Not proper (B) Proper construct�on (C) Acceptable loop downwards, not upwards.

8.5.9 Spare Parts

It �s recommended that at the least � year’s supply of the spare parts and tools recommended by the 
suppl�ers of the pump�ng equ�pment to be �nstalled, should be �ncluded �n the des�gn of the pump 
�nstallat�on.

8.6 Operation Time

8.6.1 General

Generally, the opt�mal number of pump�ng hours per day should be determ�ned after carry�ng out 
appropr�ate techn�cal and econom�c analyses. The analyses should take �nto cons�derat�on of the cap�tal 
costs of the pumps, p�pel�nes and storage reservo�rs, and also the recurrent costs of electr�c power or 
other energy for runn�ng the pumps.

8.6.2 Raw Water Pumping

Raw water pump�ng stat�ons should normally be des�gned for �4-hour operat�on, to match treatment 
works wh�ch are s�m�larly recommended to be des�gned for �4-hour operat�on. It should be noted that 
des�gn�ng a pump�ng stat�on for �4-hour operat�on does not necessar�ly mean that �nd�v�dual pumps w�ll 
be runn�ng cont�nuously. The pumps should be run alternat�vely. 
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8.6.3 Borehole Pumps

A borehole pump should normally work for �4 hours a day as th�s, for a g�ven y�eld, reduces the requ�red 
pump speed and/or pump s�ze, and �t usually results �n opt�mal ut�l�zat�on of the borehole. However, 
when the water demand �s st�ll much lower than the capac�ty of the borehole �nstalled, then the pump 
may need to be run only for a few hours.

8.7 Standby Units

8.7.1 System Reliability

The stand-by prov�s�ons recommended �n th�s sect�on should be cons�dered �n conjunct�on w�th the 
other precaut�ons wh�ch have to be taken to safeguard the rel�ab�l�ty of the water supply system, such as 
emergency storage prov�s�ons d�scussed �n Chapter 9 – “Treated Water Storage”.

8.7.2 Raw Water and Treated Water Pumps

A pump�ng stat�on should have one stand-by pump w�th the same capac�ty as each of the duty pumps. 
Hence, for a stat�on des�gned for one duty pump, a second s�m�lar pump should be �nstalled as a stand-by 
un�t. For a stat�on des�gned for two s�m�lar duty pumps runn�ng �n parallel, a th�rd s�m�lar pump should 
be �nstalled as a stand-by un�t.

8.7.3 Borehole Pumps

Normally, boreholes equ�pped w�th electr�c motor-dr�ven or d�esel eng�ne-dr�ve pumps are not to be 
prov�ded w�th stand-by un�ts.

8.7.4 Electricity Supply

In rural areas, where a nat�onal electr�c power supply gr�d ex�sts, reserve power supply sources such 
as electr�c generators and d�esel eng�nes should not be prov�ded. Ow�ng to the cont�nu�ng unrel�ab�l�ty 
of the nat�onal electr�c gr�d power supply �n Uganda, �t �s recommended that for major water supply 
schemes espec�ally; �n large towns and urban centres local electr�c generators or stand-by d�esel eng�ne-
dr�ven pumps be prov�ded to del�ver at least 50% of the normal water supply, dur�ng per�ods of nat�onal 
electr�c gr�d power outage.

8.8 Phasing

8.8.1 Design Period

Pump houses and pump p�pework �nstallat�ons should be des�gned for the ‘Ult�mate’ year requ�rements. 
However, pumps and the�r power sources should normally be des�gned for per�ods not exceed�ng the�r 
econom�c l�fe, wh�ch �s normally �0 years. 

8.8.2 Pump Units

Water demand and thus the pump�ng requ�rement at the beg�nn�ng of the des�gn per�od of a water 
supply scheme, are usually cons�derably less than the requ�rements at the end of the des�gn per�od. Th�s 
d�spar�ty should be allowed for by add�ng pump un�ts �n pace w�th the �ncrease �n water demand, or by 
appropr�ately �ncreas�ng the speeds of belt-dr�ven pumps as the requ�rements �ncrease.

Due regard should be pa�d to the fact that the actual operat�ng duty po�nt of a pump w�ll sh�ft away from 
its designed operating duty point, if the flow in the pumping main changes or seep of the pump is altered 
from the or�g�nal des�gn assumpt�ons. The pump and pump�ng ma�n character�st�cs should therefore be 
studied carefully for all stages, to ensure that the efficiency of the pump remains high throughout the 
des�gn duty per�od.
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8.8.3 Pump Preservation

The econom�c l�fe t�me of a water pump�ng equ�pment under normal operat�on w�th scheduled (at least 
every 3 months) planned prevent�ve ma�ntenance (PPM) �s �0 but can also be stretched to �5 years. 
However, premature pump breakdowns and/or unsustainable loss of pump efficiency often occurs 
requ�r�ng pump replacements after 5 years of operat�on or less. Th�s undes�rable s�tuat�on �s normally 
due to cavitation, inadequate design, incorrect pump specification and installation, poor protection, 
operat�on and ma�ntenance pract�ces. 

Some causes of fa�lure that need to be cons�dered dur�ng pump des�gn and �nstallat�on are as l�sted 
below:

Proper source select�on, locat�on and �ntake des�gn �s key �n avo�d�ng s�lt�ng and chem�cal 
eros�on. Avo�d poor water qual�ty sources or prov�de for eros�on res�stant �ntake structures �n 
case of l�m�ted alternat�ves and d�sregard clear water pumps at such sources.
Inadequate sump to pump connection results in turbulent flow and allows air entrainment in 
the pump caus�ng cav�tat�on. Also the use of compl�cated suct�on p�pe l�nes that make pr�m�ng 
difficult subjects the pump to bottle necks that lead to low net positive suction head (NPSH). 
Lack of sound hydraul�c, mechan�cal and electr�cal protect�on can lead to motor burn-out due 
to overload, phase fa�lure, under-voltage, l�ghtn�ng and sw�tch�ng surges. Th�s leads to plant 
deter�orat�on or damage and exposes operators to acc�dents. 
Poor installation can lead to pump damage and loss of efficiency. Problems due to poor installation 
�nclude shaft cracks or breaks, burn�ng of motors and v�brat�on due to �nadequate foundat�ons. It 
�s essent�al to ensure pump shaft al�gnment, adequate coupl�ng clearance and proper foundat�on 
base plates fitting to avoid these issues. 
Allow for �nterm�ttent electr�c�ty supply and prov�de for l�ghtn�ng arrestors to protect pumps 
aga�nst surges.
Proper operat�on and ma�ntenance should be observed as recommended below

Techn�cal level educat�on requ�red for plant operator and ma�ntenance staff 
Adherence to planned prevent�ve ma�ntenance
Adequate stock of l�kely spare parts requ�red for emergency repa�rs
Ensure sufficient attention to plant operation 

�)

��)

���)

�v)

v)

v�)
a.
b.
c.
d.
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9.1 General

The purpose of stor�ng water �n the d�str�but�on system �s ma�nly twofold:

Balanc�ng of var�at�ons �n water demand dur�ng the day; and
Emergency storage to ensure supply during break-downs or for fire-fighting.

The balanc�ng storage requ�rement �n a water supply system �s caused by the cycl�cal var�at�ons �n water 
demand over a per�od of t�me. In ord�nary water supply systems, the usual per�od cons�dered �s one 
day. F�gure2-2 �llustrates a typ�cal da�ly water demand pattern �n rural areas. If there �s no fac�l�ty for 
stor�ng water for balanc�ng purposes, the water source, raw water transm�ss�on ma�n, treatment plant 
and treated water transmission main would all have to be designed to follow all fluctuations in water 
demand and this is generally not economical. Water storage reservoirs are provided first and foremost 
to balance the constant supply rate of the water source, raw water transm�ss�on ma�ns, treatment plant, 
and treated water transmission main, with the fluctuating water demand in the distribution mains. The 
storage reservoirs have the overall effect of reducing the aggregate flows and thus the capacities, for 
wh�ch d�str�but�on ma�ns have to be des�gned.

The emergency storage requ�rement �s for meet�ng the water demand dur�ng per�ods of system breakdowns 
and fire fighting. The aggregate water volume, required for both balancing and emergency storage 
purposes can be kept �n one or more storage reservo�rs. The numbers and locat�ons of the reservo�rs to 
be prov�ded should be determ�ned after carry�ng out appropr�ate techn�cal and econom�c analyses. The 
pr�nc�pal goal should be to m�n�m�ze the total cost of the whole water supply system, �nclud�ng pump�ng 
stat�ons, p�pel�nes and storage reservo�rs.

9.2 Balancing Storage

The requ�red balanc�ng storage volume for a d�str�but�on system �s determ�ned as follows:

The d�urnal demand pattern for the supply area �s est�mated as �llustrated �n F�gure �-� expressed 
�n terms of percentages of the total demand over the whole day covered by the d�urnal demand 
pattern and then plotted �n a cumulat�ve water demand curve (mass d�agram) as shown �n F�gure 
9-�. The constant water supply rate from the treatment plant and treated water transm�ss�on ma�n 
�s then drawn on the same d�agram, as a stra�ght l�ne. The requ�red balanc�ng storage volumes 
can then be read off from the d�agram as �llustrated �n F�gure 9-�.
In pract�ce, for a �4-hour constant supply rate, the balanc�ng storage volume prov�ded w�ll 
be of the order of 30% of the Max�mum Day Demand of the area served. Hence, �n the case 
shown �n F�gure 9-�, storage reservo�r No. � w�ll have a balanc�ng storage capac�ty of 30% of 
the Max�mum Day Demand of area E and storage reservo�r No.� w�ll have a balanc�ng storage 
capac�ty of 30% of the Max�mum Day Demand of areas C and D. For constant supply rates of 
less than �4 hours, l�ke �0-hour pump�ng, the requ�red balanc�ng storage volume can also be 
found from the cumulat�ve water demand curve (mass d�agram), as shown �n F�gure 9-�.

It �s often more econom�cal to analyse balanc�ng storage volume requ�rements for d�fferent years, and 
then provide storage reservoirs in phases, because storage requirements will be quite low during the first 
few years of operat�on of a water supply scheme.

�)
��)

�)

��)

TREATED WATER STORAGE

Chapter9
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Figure 9‑1: Graphical Determination of Required Storage Volumes.

9.3 Emergency Storage

In order to have enough water dur�ng the da�ly peak demand even �n case of a major break upstream of 
the reservo�r, �t �s usual to foresee an emergency storage volume correspond�ng to � hours of average 
hourly consumpt�on. For smaller schemes, where no techn�cal staff �s ava�lable to carry out major repa�rs 
�mmed�ately, the emergency storageshould be h�gher.

In pract�ce however, no spec�al prov�s�ons are to be made for emergency storage �n rural areas, except 
for �nst�tut�ons or �ndustr�es wh�ch may prov�de the�r own emergency storage to safeguard aga�nst 
�nterrupt�on of the�r suppl�es. Large towns and urban centers should have prov�s�ons for emergency 
storage volumes as shown �n Table 9-�.

Table 9-1: Emergency Storage Volumes in Large towns and Urban Centres

Storage Reservoir Served by No. of Hours of Maximum Day Demand

Gravity system 6

Pumped system 12

More than one independent system 0

The emergency storage volume should be put together w�th the balanc�ng storage volume �n one storage 
reservo�r. The reservo�r should be s�ted as close to the consumers �t serves as �s pract�cable. LargeLarge 
consumers who are dependent on a rel�able water supply (l�ke �ndustr�es, hosp�tals and schools), should 
be encouraged to prov�de the�r own storage fac�l�t�es.

9.4 torage Reservoir Design

9.4.1 General

The select�on of storage reservo�r mater�als largely depends on whether the reservo�r �s to be placed on 
the ground or to be elevated on a support structure. Ground storage reservo�rs are normally made of 
re�nforced concrete or concrete blocks or br�cks. Elevated storage reservo�rs are normally made out of 
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galvan�zed pressed steel panels, and placed on steel support structures. All other factors be�ng equal, the 
most econom�cal storage reservo�r shape �s “c�rcular”, followed by “square” and lastly “rectangular”. 
Normally, the depth of water �n a storage reservo�r should not exceed 5 m.

Reservoir sites should be selected such that they are on stable ground, not threatened by 
landslides or erosion. Level ground sites are preferable because they simplify excavation work. 
The design of storage reservoir foundations must be based on proper evaluations of ground 
bearing capacities.

9.4.2 Capacities

It �s recommended that reservo�rs are prov�ded �n standard capac�t�es of �0, �5, 50, �00, �50, �00, 300, 
500, 800 and �,�00 m3.

9.4.3 Design Features

The s�ze of the �nlet l�ne �s determ�ned by the water supply and demand requ�rements of the commun�ty 
and should have a shut off valve next to the reservo�r. The s�ze of the outlet �s also determ�ned by the 
demand requ�rements and should be located at least �00 mm above the reservo�r bottom. Th�s creates a 
dead volume wh�ch allows for settlement of sed�ment. It should also have a shut – off valve adjacent to 
the reservo�r. The dra�n (washout) fac�l�tates clean�ng of the reservo�r and �s located at the bottom of the 
tank. Clean�ng �s done by shutt�ng the ma�n l�ne valve and open�ng the d�scharge l�ne. The reservo�r �s 
constructed with a slope towards the drain line to simplify cleaning. Reservoirs should have an overflow 
line that can support the maximum anticipated overflow (pump or spring capacity). The overflow pipes 
should be at least 50% larger than the �nlet p�pes and should be well screened and covered. It should be 
possible to observe the overflow so that the inlets can be controlled.

Manholes and covers are �nstalled to prov�de an entrance dur�ng clean�ng, ma�ntenance and repa�r. They 
should be ra�sed h�gher than the roof level to prevent entry of contam�nated surface water. The manhole 
covers prevent entry of sun rays that encourage algae growth. They should be lockable.

Water level �nd�cators are used to �nd�cate the water level �ns�de the reservo�rs. A depth gauge us�ng 
a float and wire is usually used. The type of control valves used will depend on the type of operation 
used by the system. The flow into the reservoir may be stopped manually or automatically by a float 
valve, pressure switch or any other device. Double orifice valves allow release of air when water is 
flowing while single orifice valves will allow release of air accumulated at specific points to be released 
when water starts flowing.  Large reservoirs should be equipped with internal and external ladders and 
have external walkways and handra�ls, espec�ally �f they are elevated. They should be appropr�ately 
part�t�oned �f the reservo�rs exceed 500 m3.

9.4.4 Structural Design of Reservoirs

The structural des�gn of reservo�rs w�ll requ�re expert�se �n the follow�ng categor�es:

Re�nforced concrete storage reservo�r des�gn;
Stonemasonry storage reservo�r des�gn;
Steel plate storage reservo�r des�gn; and
Plast�c storage reservo�r des�gn.

Care must be exerc�sed to ensure that the above aspects are done �n accordance w�th the relevant 
gu�del�nes and deta�ls are produced accord�ngly.

�)
��)
���)
�v)
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10.1 Introduction and DefinitionsIntroduction and Definitions

Environmental Impact Assessment (EIA) is defined, according to the Uganda National Environmental 
Act as “a systemat�c exam�nat�on conducted to determ�ne whether or not a project w�ll have any (adverse) 
�mpact on the env�ronment”.

The EIA �s generally used to accompl�sh the follow�ng goals:

To identify whether or not a proposed policy or project or activity is likely to have significant 
environmental impacts (both adverse and beneficial);
If YES, to identify the potential significant environmental impacts;
To analyze the significance of the adverse environmental impacts;
To determ�ne whether the adverse env�ronmental �mpacts can be m�t�gated;
To recommend appropr�ate prevent�ve and/or m�t�gat�on measures;
To �dent�fy and assess any other alternat�ves to the proposed pol�cy, plan, programme and project 
or act�v�ty; and
To recommend whether or not the proposed pol�cy, plan, programme and project or act�v�ty 
should be implemented or modified.

10.2 Policies, Legal, Regulatory and Institutional Framework

It is the firm policy of the Government of Uganda for ElA to be conducted for all planned policies, plans, 
programmes and projects or activities that are likely to have or will have significant impacts on the 
env�ronment, so that the adverse �mpacts can be foreseen and el�m�nated or m�t�gated enhanc�ng good 
�mpacts. It �s also the pol�cy of the Government for the EIA process to be �nter-d�sc�pl�nary and fully 
transparent, so that all stakeholders have access to the process, and that the process serves to prov�de a 
balance between the env�ronmental, econom�c, soc�al and cultural values, �n order to ensure susta�nable 
development �n the country.

The supreme law �n Uganda �s the Const�tut�on of the Republ�c of Uganda. The const�tut�on requ�res 
the State to promote susta�nable development and publ�c awareness of the need to manage land, a�r and 
water resources �n a balanced and susta�nable manner for the present and future generat�ons. In add�t�on, 
Uganda �s also a party to a number of �nternat�onal and reg�onal agreements wh�ch requ�res her to 
comply w�th prov�s�ons of the agreements when develop�ng pol�c�es, plans, programmes and projects. 
Th�s �s part�cularly mandatory when projects w�ll be fully or partly funded by �nternat�onal fund�ng 
�nst�tut�ons l�ke the Internat�onal Monetary Fund, World Bank, European Un�on, As�an development 
Bank, Afr�can Development Bank, East Afr�can Development bank etc.

10.2.1 Local Policy Framework

Table �0-� presents pol�c�es and legal framework that should be compl�ed w�th when conduct�ng/
�mplement�ng an Env�ronmental and Soc�al Impact Assessment of water supply pol�c�es, plans, 
programmes and projects or act�v�t�es. 

�)

��)
���)
�v)
v)
v�)

v��)

ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT (ESIA)
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Table 10-1: Policy Framework Relating to Water Supply Projects

Policy Title Policy Goal Relevance To Water Supply Projects

National 
Environment 
Management 
Policy, 1994.

To promote sustainable 
economic and social 
development that enhances 
environmental quality.

Environment Impact and Social Assessment 
(ESIA) must be conducted for water supply 
projects so that they promote economic and 
social development in a sustainable way.

The National 
Policy for the 
Conservation 
and 
Management 
of Wetland 
Resources 1995.

To curtail the rampant loss of 
wetland resources and ensure 
that benefits from wetlands 
are sustainable and equitably 
distributed. Wetlands acting as 
sources of water supply should 
be fully protected. 

Application of environment impact mitigation 
procedures on all activities of the project to 
be carried out in or around affected wetlands. 
The project developers have to work hand in 
hand with Wetlands Inspection Division (WID) 
and NEMA to halt encroachment on wetland 
areas around the water sources where water is 
abstracted.

The National 
Water Policy, 
1999.

Provides a framework for 
the protection of water, e.g. 
to discharge of effluents into 
surface waters, one must 
possess a permit before doing 
so. 

Water supply projects may include construction 
of sewage treatment systems. The effluent from 
sewage treatment systems must be treated to 
meet effluent discharge standards so as not to 
pollute the receiving waters.

National 
Gender Policy, 
1997.

Provides a framework and 
mandate for all stakeholders to 
address the gender imbalances 
within their respective sectors.

The gender policy recommends that integration 
of gender issues in national policies and 
projects will improve national welfare, 
contribute towards sustainable development, 
and improve the work of the ministries.

10.2.2 Local Legal and Regulatory Framework

Table �0-� presents the relevant local legal and regulatory framework relat�ng the water supply projects. 
Pol�c�es, programs, projects or act�v�t�es.

Table 10-2: Legal and Regulatory Framework Relating to Water Supply Projects.
Act Relevant Provisions

Nat�onal Env�ronment Act 
Cap �53

Sect�on �9 (3), requ�res a developer of a project to subm�t an 
acceptable EIA Report �n accordance w�th the gu�del�nes �n the Th�rd 
Schedule of th�s Act. 

The Nat�onal Water and 
Sewerage Corporat�on Act, 
Cap 3�7

Sect�on 3 of th�s statute states that the NWSC shall operate and 
prov�de water and sewerage �n areas entrusted to �t under the Water 
Statute of �995. 

Env�ronmental 
Impact Assessment 
Regulat�ons �3/�998 and 
Env�ronmental Aud�t 
Gu�del�nes 

Accord�ng to sect�ons �9-�0 of the NEA, all projects that have or are 
likely to have a significant impact on the environment are required to 
undergo an env�ronmental �mpact assessment (EIA) process pr�or to 
�mplementat�on.
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Act Relevant Provisions

The Nat�onal Env�ronment 
(Wetlands, R�ver 
Banks and Lake Shores 
Management) Regulat�ons, 
�000

Regulat�on ��(�) proh�b�ts any person from carry�ng out an act�v�ty 
�n a wetland w�thout a perm�t �ssued by the Execut�ve D�rector of 
NEMA.

The Water Act, Cap �5� 
and the Water Resources 
Regulat�ons, �998

- The Act prov�des for hydraul�c works and use of water.
-The Act prov�des for use, protect�on and management of water 
resources and supply; to prov�de for the const�tut�on of water and 
sewerage author�t�es; and to fac�l�tate the devolut�on of water supply 
and sewerage undertak�ngs.

Water (Waste D�scharge) 
Regulat�ons, �998

The water (Waste D�scharge) Regulat�ons of �998, are a�med at 
regulating the effluent or discharge of wastes on to land or into water.

The Land Act, Cap ��7 Sect�on 4� states that Government or Local Government may acqu�re 
land �n accordance w�th the prov�s�ons of Art�cle �6 and clause �37 of 
the const�tut�on.

Occupat�onal Safety and 
Health Act, �006

The Act a�ms at ensur�ng the ex�stence of safety and health at all work 
places and work env�ronment.

Workers’ Compensat�on 
Act Cap ��5

Th�s requ�res compensat�on to be pa�d to a worker who has been 
�njured or acqu�red an occupat�onal d�sease or has been harmed �n any 
way �n the course of h�s/her work. 

Nat�onal Env�ronment 
(Conduct and Certificate of 
Env�ronment Pract�t�oners 
Regulat�ons (�003)

Regulat�on �76 (�) states that no person shall conduct and EIA or 
carry out any act�v�ty relat�ng to the conduct of an env�ronmental 
�mpact study, or env�ronmental aud�t as prov�ded under the Act, unless 
the person has been duly certified and registered in accordance with 
the regulat�ons

The Nat�onal Env�ronment 
(Waste Management) 
Regulat�ons, �999

Regulat�on 9 (8) st�pulates that at any reasonable t�me, an 
env�ronmental �nspector can: (a) stop and �nspect any veh�cle used for 
transportat�on of waste; and (b) enter upon any prem�ses where waste 
�s stored. 

The Nat�onal Env�ronment 
(Control of Smok�ng 
�n Publ�c Places) 
Regulat�ons, �004.

Sect�on 3 ent�tles every person to a healthy env�ronment, free from 
second-hand smoke. It further obl�ges all persons to safeguard the 
health of non-smokers. Sect�ons 4 & 5 proh�b�t smok�ng �n publ�c 
places. Dur�ng �mplementat�on of water supply projects and �n 
the�r operat�on and ma�ntenance, smok�ng workers should not 
�nconven�ence non-smok�ng workers. It thus �mpl�es that no smok�ng 
s�gns should be placed �n var�ous areas and �t should be enforced.

The Nat�onal Env�ronment 
(No�se Standards and 
Control) Regulat�ons, 
�000.

Regulat�ons 6 & 7 (II) sets perm�ss�ble no�se levels, Part III 
(Regulat�ons 8, 9, �0 & ��) calls for the control and m�t�gat�on of 
noise; Regulation 9 specifically prohibits the generation of noise by 
place and t�me. Part IV �nstructs for a l�cense for no�se �n excess of 
perm�ss�ble levels.

The Town and Country 
Plann�ng Act Cap �46

The Town and Country Plann�ng Act �964 govern land use and land 
plann�ng �n urban and rural areas. Thus, land acqu�s�t�on for water 
supply projects should be done �n accordance w�th th�s act.
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Act Relevant Provisions

Publ�c Health Act Cap �8�

Sect�on 7 prov�des local author�t�es w�th adm�n�strat�ve powers to 
take all lawful, necessary and reasonable pract�cable measures for 
prevent�ng the occurrence of, or for deal�ng w�th any outbreak or 
prevalence of, any �nfect�ous, commun�cable or preventable d�sease, to 
safeguard and promote the publ�c health.

The Local Governments 
Act Cap �43

Prov�des for the system of local governments based on the 
decentral�zat�on of d�str�ct for the enforcement of env�ronmental law. 
The funct�ons of the Mun�c�pal Counc�ls �nclude: land survey�ng and 
adm�n�strat�on, phys�cal plann�ng, env�ronmental protect�on (forests 
and wetlands, streams etc.) and ensur�ng proper san�tat�on. 

In add�t�on to the above local legal framework, �t �s �mportant to note that var�ous local governments and/
or urban author�t�es may have the�r own byelaws that apply �n the�r areas of jur�sd�ct�on. Consequently, 
EIA pract�t�oners should capture such byelaws relevant to the development of water supply projects. 

Table 10‑3: Example of World bank/IFC Legal Requirements for Water Supply Projects

Policy Title Key Issues

Env�ronmental Assessment 
Pol�cy (OP/BP 4.0�)

Prevent�ng, m�n�m�z�ng, m�t�gat�ng or compensat�on for adverse 
�mpacts caused by the project. 

Natural Hab�tat Pol�cy (OP/BP 
4.04) Promot�on of env�ronmentally susta�nable development.

Pest Management (OP 4.09) Prevent�on of pollut�on to water sources when us�ng pests �n 
agr�culture

Involuntary Resettlement Pol�cy 
(OP 4.��)

Avo�d �nvoluntary resettlement and ass�st d�splaced persons �n 
restor�ng the�r l�vel�hoods and l�v�ng standards.

Access to Informat�on Pol�cy 
(�0�0)

Promote ra�s�ng awareness about development �ssues, share 
global knowledge, and ensure part�c�pat�on �n Bank programs and 
projects

Table 10-4: Some International Treaties and Conventions Relevant to Water Supply Projects.

Treaty Title Key Issues

Kyoto Protocol to the Un�ted 
Nat�ons Framework Convent�on

Promot�on of susta�nable forest management pract�ces, 
afforestat�on and reforestat�on, espec�ally on r�ver banks and 
lakeshores wh�ch often serve as surface water sources.

Un�ted Nat�ons Convent�on to 
Combat Desertification in Those 
Countr�es Exper�enc�ng Ser�ous. 
Drought and/or Desertification, 
Part�cularly �n Afr�ca (UCCD, 
�99�)

Integrat�on and susta�nab�l�ty of natural resources, promot�on 
of alternat�ve sources of energy and allev�at�on of pressure on 
frag�le natural resources.
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Treaty Title Key Issues

Stockholm Declarat�on 
(Declarat�on of the Un�ted 
Nat�ons Conference on the 
Human Env�ronment �97�)

Pr�nc�ple �5 of the Stockholm Declarat�on states that, “Plann�ng 
must be appl�ed to human settlements and urban�zat�on w�th 
a v�ew to avo�d�ng adverse effects on the env�ronment and 
obta�n�ng max�mum soc�al, econom�c and env�ronmental 
benefits for all”. In this respect, projects aimed at exploiting 
local people or the env�ronment �s d�scouraged.

EAC Treaty Promot�on of clean and healthy env�ronment �s a prerequ�s�te for 
susta�nable development.

The above tables g�ve examples of local pol�c�es and regulatory framework as well as examples of 
legal requ�rements, �nternat�onal treat�es and convent�ons and are not necessar�ly exhaust�ve and 
exclusive. Consequently, the EIA practitioners should look out for specific local laws, international 
treaties and conventions that apply to specific water supply projects. It must be noted that both local and 
�nternat�onal legal and regulatory requ�rements are not stat�c and evolve from t�me to t�me. Therefore, 
EIA practitioners should always seek out to find and make use of the most applicable and up to-date 
legal and regulatory documents. 

10.2.3 Institutional Framework

The NEMA, Cap. �53 Sect�on 4 establ�shed the Nat�onal Env�ronment Management Author�ty (NEMA) 
to be the pr�nc�pal agency �n Uganda for the management of the env�ronment and to coord�nate, mon�tor 
and supervise all activities in the field of the environment. According to NEMA, Cap. 153, Sections 19-
�0, the project developer must subm�t to NEMA a project br�ef that may form the bas�s of approval of 
the project, directly, or through an environmental impact review and if insufficient, an environmental 
�mpact evaluat�on w�ll have to be done. If the NEMA deems the project br�ef to be complete, w�th 
sufficient mitigation measures for any anticipated impacts, then NEMA will transmit the project brief to 
the lead agency for comments, where the lead agency means a M�n�stry, department, parastatal agency, 
local government system or public officer in which or in whom any law vests functions of control or 
management of any segment of the env�ronment. NEMA shall cons�der the project br�ef and comments 
from the Lead Agency and take a dec�s�on of approval (w�th/or w�thout cond�t�ons) or d�sproval and 
�nform the developer of the next steps.

For projects needing a full-fledged Environmental and Social Impact Assessment (ESIA), the entire 
process start�ng from the subm�ss�on of the project br�ef, through screen�ng, EIStudy (Scop�ng, product�on 
and approval of ToRs and persons to conduct the ESIA), subm�ss�on and rev�ew of the Env�ronmental 
and Soc�al Impact Statement �s done �n close consultat�on w�th NEMA, lead agency and stakeholders 
accord�ng to the schemat�c presented �n F�gure �0-�. The persons carry�ng out an EIA/ESIA must be 
duly pa�d up members of the Uganda Assoc�at�on for Impact Assessment (UAIA) and must be duly 
registered and certified by NEMA. 

All env�ronmental and soc�al �mpact assessment must have an Env�ronmental Mon�tor�ng Plan (EMP). 
It must be noted, that the approval of ESIA may be done w�th or w�thout cond�t�ons, and the developer 
must �mplement and meet the cond�t�ons of approval of the ESIA. If the ESIA �s approved w�thout 
cond�t�ons, �t means that the EMP has been accepted as subm�tted �n the EIA/ESIA. The developer must 
comply w�th the act�v�t�es outl�ned �n the EMP and the cond�t�ons of offer. NEMA may cancel the EIA/
ESIA �f the developer fa�ls to comply w�th the EMP and cond�t�ons of offer as outl�ned �n the approval 
certificate or if there has been substantial modification of the project implementation or operation, which 
leads to adverse env�ronmental �mpacts; or �f there �s substant�ve undes�rable effect not contemplated �n 
the approval. 
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One of the cond�t�ons of approval of EIA/ESIA �s the requ�rement by the developer to carry out self-
env�ronmental aud�t, normally after every year. NEMA �s also mandated by the NEMA to carry out 
env�ronmental aud�t of projects dur�ng the �mplementat�on and/or operat�on phases. In carry�ng out 
aud�t�ng, �f the developer fa�ls to �mplement m�t�gat�on measures suggested �n the EMP as well as those 
that may be enl�sted �n the cond�t�ons of approval of EIA/ESIA, an env�ronmental �nspector work�ng 
on the behalf of NEMA may �ssue aga�nst the developer, an �mprovement not�ce and commence such 
cr�m�nal and c�v�l proceed�ngs prov�ded for under the NEMA. 

10.3 Levels of EIA/ESIA for Projects

The EIA/ESIA process requ�red for a proposed project shall be appropr�ate to the nature, scale and 
poss�ble effects of the project and also to the nature of the proposed project s�te. The levels of EIA/ESIA 
requ�red for proposed projects w�ll vary on a project-to-project bas�s, but �n general such levels w�ll fall 
�nto any of the follow�ng three major categor�es:

Small-scale projects hav�ng potent�al adverse env�ronmental �mpacts wh�ch can eas�ly be 
identified, and for which mitigation measures can readily be prescribed and included in the 
des�gn and/or �mplementat�on of the project. The env�ronmental aspects of such a small-scale 
project would normally be approved on the bas�s of the m�t�gat�on measures prescr�bed �n a 
project br�ef, w�thout the need for a deta�led Env�ronmental Impact Study (EIStudy). Such 
projects may �nclude: emergency repa�rs to a water supply scheme w�th�n the character of �ts 
surround�ngs, water suppl�es to �nd�v�dual subs�stence small farms, extens�ons of water supply 
schemes to local�sed commun�t�es w�th�n a water supply area, development of local�sed water 
po�nts such as protected spr�ngs, shallow/hand dug wells, boreholes for small rural commun�t�es, 
ons�te san�tat�on fac�l�t�es and treatment plants for small commun�t�es e.g. publ�c to�lets, sept�c 
tanks, bio-latrines, baffled reactors. 
Projects for wh�ch there �s some level of uncerta�nty regard�ng the nature and level of 
env�ronmental �mpacts expected, thus requ�r�ng a more �n-depth Env�ronmental Impact Rev�ew 
(EIR) to determine if appropriate mitigation measures can be identified and prescribed, or if a 
more deta�led EIStudy would be requ�red. If dur�ng the EIR �t �s found that adequate m�t�gat�on 
measures can be identified and incorporated in the project design, then the necessity for detailed 
EIStudy may be el�m�nated and the env�ronmental aspects of the project may be approved. The 
EIR carr�ed out at th�s stage would normally exam�ne var�ous alternat�ves, so that the dec�s�on 
maker can select options which do not have significant environmental impacts. Projects that fall 
�n th�s category �nclude small scale grav�ty water supply schemes, local�sed small scale valley 
dams/tanks, water supply and wastewater treatment plants for med�um s�zed commun�t�es.
Projects which clearly will have significant environmental impacts for which mitigation measures 
cannot read�ly be prescr�bed unless deta�led EIStudy of the projects and the�r poss�ble alternat�ves 
�s conducted, w�th a v�ew to determ�ne �f there are other alternat�ves wh�ch have less adverse 
env�ronmental �mpacts. Conduct�ng such EIStudy requ�res greater publ�c part�c�pat�on. Projects 
that fall w�th�n th�s category �nclude water supply systems for rural growth/urban centres and 
the�r components e.g. water �ntake structures abstract�ng water from wetlands, r�vers or lakes; 
water treatment plants, water transm�ss�on and d�str�but�on systems, water pump�ng/booster 
stat�ons and reservo�rs/water storage tanks, wastewater collect�on p�pes, waste stab�l�sat�on 
ponds/lagoons and convent�onal wastewater treatment plants. 

10.4 Methodology for Conducting EIA/ESIA

10.4.1 General 

The bas�c components of the EIA/ESIA process �n Uganda cons�st of the follow�ng three �nter-connected 
phases: 

�)

��)

���)
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Phase I: Screen�ng;
Phase II: Env�ronmental Impact Study (EIStudy); and
Phase III: Dec�s�on mak�ng.

F�gure �0-� presents the �nterconnected phases that have to be followed �n the EIA process, accord�ng 
to the Nat�onal Env�ronment (Env�ronmental Impact Assessment) Regulat�ons, Statutory Instrument 
�53-�.

10.4.2 Phase I: Screening

The objective of the screening phase is to determine if a proposed project does or does not have significant 
environmental impacts. If a project is found not to have potential to cause significant environmental 
�mpacts, �t shall be categor�cally excluded from further env�ronmental �mpact assessment, and a dec�s�on 
shall be made to approve and �mplement the project, w�th recommendat�ons to the project developer for 
sound env�ronmental management of the project.

If, however, the project is found to have the potential for significant environmental impacts, further 
screening should be conducted to determine if adequate mitigation measures can readily be identified 
and prescr�bed through further EIR, or �f full EIStudy w�ll be requ�red. If �n conduct�ng the EIR �t �s found 
that adequate m�t�gat�on measures can be �ncorporated �n the project des�gn, then the env�ronmental 
aspects of the project can be approved. If, on the other hand, adequate m�t�gat�on measures cannot be 
readily identified, then the project shall be subjected to further detailed EIStudy (Phase II).

If a dec�s�on �s made at the screen�ng stage to exempt a project from deta�led EIStudy, or to approve �ts 
environmental aspects on the basis of identified and prescribed mitigation measures, such a decision 
shall be contained in a “Certificate of Approval of the Environmental Impact Assessment” issued by the 
Nat�onal Env�ronmental Management Author�ty (NEMA). If, however, after screen�ng �t �s determ�ned 
that a project requires detailed EIStudy, then the certificate of approval shall only be issued after approval 
of the Env�ronmental Impact Statement (EIS) emanat�ng from the deta�led EIStudy conducted.

�)
��)
���)
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Figure 10-1: Schematic Representation of the EIA Process (Source: EIA Regulations, 2005).
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10.4.3 Phase II: Environmental Impact (EIStudy)

10.4.3.1 Scoping

The first step in the EIStudy of a proposed project is to determine the scope of work to be undertaken 
in assessing the likely environmental impacts of the project. “Scoping” involves the identification of 
potentially significant environmental impacts, and it is to be applied to all activities which require full 
EIStudy. Usually, th�s exerc�se �ncludes meet�ngs and consultat�ons w�th all the project stakeholders, to 
obta�n the�r v�ews on what should be �ncluded �n the EIStudy, and what alternat�ves should be cons�dered 
�n order that an adequate EIStudy �s conducted.

The respons�b�l�ty for “scop�ng” shall be that of the project developer, but the NEMA and other 
�nterested part�es shall be consulted about the exerc�se. The purpose of the scop�ng exerc�se �s to �nform 
the development of the ToR for the EIStudy.

The project developer shall prepare a “scop�ng” report summar�z�ng the results of the scop�ng exerc�se. 
The scop�ng report shall, together w�th the Terms of Reference (TOR) for the EIStudy be subm�tted to 
NEMA. The NEMA shall �n turn study the ToR and also forward the TOR to the appropr�ate concerned 
agenc�es for the�r comments. NEMA shall then approve the ToR w�th or w�thout amendments and 
commun�cate to the developer of the dec�s�on.

The “scop�ng report” and the TOR shall cover the follow�ng ma�n �tems:

Del�neat�on of the boundar�es of the area to be covered �n the EIStudy.
Quest�ons about the proposed project wh�ch should be answered through the EIStudy.
Identification of the potentially significant environmental impacts of the project, which should 
be addressed �n the EIStudy.
Alternat�ves to the proposed project.
The full range of the project stakeholders and relevant agenc�es affected by and �nterested �n the 
project, wh�ch are to be consulted and �nvolved �n the EIStudy process.
Other relevant techn�cal aspects related to the proposed project.
Identification of other projects in the area that may be impacted upon by, or will impact on the 
proposed project.
How the proposed project conforms to the ex�st�ng laws, pol�c�es and regulat�ons.

The identification of potentially significant environmental impacts is left to the discretion of all the 
parties involved in the “scoping” exercise. In identifying potentially significant environmental impacts, 
part�c�pants �n the “scop�ng” exerc�se should use the�r own exper�ences, expert�se and knowledge of the 
project and its area/site. Alternatively, suitable standard checklists of potential significant environmental 
�mpacts can be used.

10.4.3.2 Scoping Checklist

For water supply projects, the following checklist which is not necessarily exhaustive can be 
used: 

Pollution

A�r Pollut�on from construct�on and water treatment chem�cals

The construct�on of water supply un�t processes as well as wastewater treatment un�t processes, 
reservo�rs, water/wastewater conveyance systems and other appurtenances may produce a�rborne 
dust that may comprom�se the qual�ty of the a�r. Wett�ng work surfaces may be done to m�n�m�ze 
a�r pollut�on. Also, the storage and �nject�on fac�l�t�es of chlor�ne and other water treatment 
chem�cals should be des�gned and operated �n such a way as not to endanger the operat�on staff 
and the env�ronment �n general. 

�)
��)
���)

�v)
v)

v�)
v��)

v���)

i)

a)

b)
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So�l Eros�on from Construct�on Works

The eros�on, dra�nage and depos�t�on of so�l can occur as a result of clearance of top so�l and 
removal of vegetat�on dur�ng the construct�on of a water supply scheme. These processes 
may result �n the deter�orat�on of the qual�ty of the natural water resources downstream of the 
construct�on s�tes.

No�se and V�brat�ons

Usually, there are excess�ve no�se and v�brat�ons around water treatment plants and pump�ng 
stations. Appropriate buffer zones or sufficient distances between the sources of noise and 
v�brat�ons and the hab�ted areas should be prov�ded.

Deter�orat�on of Water Qual�ty �n Dam Reservo�rs

In water supply projects where dam reservo�rs are used, water qual�ty deter�orat�on �n the 
reservo�rs �nclud�ng detr�mental changes �n water temperatures caused by household and 
industrial effluents, and the consequent impacts on the water supply, fishing and other water 
uses, should be stud�ed. Appropr�ate m�t�gat�on measures should make reference and use of 
the concept of water safety plans, where end product test�ng �s not the emphas�s, but rather, 
the identification of critical control points that cause pollution to the water sources should be 
undertaken w�th the a�m of prevent�ng the pollut�on from happen�ng. 

Change �n Water Quant�ty from abstract�on po�nts e.g. wetlands, swamps, r�vers, ground water

Cl�mate change effects that may result �nto seasonal changes �n water quant�ty of water sources 
should be evaluated. For surface water sources, e.g. r�vers and streams, the abstract�on should be 
done such that even in periods of extreme low flows e.g. dur�ng draughts, there �s an acceptable 
minimum environmental flow that should be maintained in the river/stream. The abstraction of 
water of water from any water source should not comprom�se other leg�ble water users along 
the r�ver/stream �.e. downstream of the abstract�on po�nt. Also, �nd�rect and cumulat�ve �mpacts 
should be evaluated, e.g., the s�nk�ng of boreholes should not lower the water table to result �nto 
result into die-off of vegetation miles away. Local knowledge on the historical low flow levels 
and maximum flood levels may be useful in the evaluation.

Sludge from Water and Wastewater Treatment Plants

Sludge produced �n water treatment plants, should be treated and re-used �f �t meets the cr�ter�on 
for re-use or disposed of in an appropriate manner, such as landfilling if it is not fit for any re-use. 
The potent�al re-use opt�ons for sludge may be anaerob�c d�gest�on to produce b�ogas for cook�ng 
and l�ght�ng as well as slurry that can be used �n agr�culture; compost�ng for the product�on of 
so�l cond�t�oner and fert�l�zer; or other valor�zat�on techn�ques that may �nclude the product�on 
of an�mal fodder, energy fuel, pyrolys�s for the product�on of b�o-charcoal etc. The treatment 
and final re-use of the sludge, or ultimate disposal, should be designed and implemented in a 
way that m�n�m�zes greenhouse gas em�ss�ons to the atmosphere. 

ii)  Natural Environment Issues

a) Effects of the Project on the Ecology

 The effects of the project fac�l�t�es such as �ntake structures, treatment works, p�pel�nes and 
access roads, on the natural flora and fauna habitats in the project area, should be studied. 
Special emphasis should be put on any fauna and flora species that have been locally or 
�nternat�onally declared to be endangered. Projects to be developed should not negat�vely 
impact on endangered species. Any other flora or fauna specifies, which are not endangered 

c)

d)

e)

f)

g)

h)

�)

j)

k)

l)
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should be relocated. This may also involve the re-planting of lost flora species with similar 
spec�es after the act�v�ty that resulted �nto the�r loss has been completed, e.g. filling up and 
replant�ng borrow p�ts and quarry s�tes. 

 In schemes us�ng dam reservo�rs, the effects of water qual�ty deter�orat�on �n the reservo�r 
and reduced volumes of water flowing downstream, on the fish, animals and vegetation in the 
watershed area should also be stud�ed.

b) Effects on the Landscape

 The �mpact of the project on the un�que scen�c beauty of the local landscape and on the ma�n 
v�ewpo�nts �n the area should be stud�ed.

c) Ground Subs�denceGround Subs�dence

 In water supply projects ut�l�z�ng groundwater sources, ground subs�dence caused by 
excess�ve pump�ng of groundwater must be avo�ded.

iii) Human Environment Issues

a) Effects on the H�stor�c and Cultural Her�tage S�tes
 The project fac�l�t�es should not be located �n areas where they �nterfere w�th or cause damage 

to the �mportant h�stor�c and cultural her�tage s�tes �n the area.
b) Effects on the Ex�st�ng Infrastructure
 The effects of the project on the ex�st�ng serv�ce �nfrastructure such as bu�ld�ngs, roads, 

railways, bridges and river traffic should be studied.
c) Relocat�on of Populat�ons
 In the case of dam reservo�r construct�on, the s�tuat�on and c�rcumstances regard�ng land 

�nundat�on and the local res�dents who have to be relocated as a result, should be assessed.
d) Occurrence of Water-related D�seases
 Part�cular attent�on should be pa�d to the r�sks of occurrence of water-related d�seases (such 

as malar�a and sch�stosom�as�s) as a result of the �ntroduct�on �n the area of water supply 
fac�l�t�es such as dam reservo�rs.

e) Effects of Construct�on Work
 In projects �nvolv�ng major construct�on work, the effects of no�se, dust, offens�ve odours 

and v�brat�ons from the work should be stud�ed.

10.4.4 Public Involvement During Scoping

To ensure qual�ty, comprehens�veness and effect�veness and �n order to adequately address stakeholder 
v�ews, there shall be publ�c �nvolvement dur�ng scop�ng and th�s w�ll be �nvolve the follow�ng:

Notification/invitation for public comment and written submissions; 
Consultat�on w�th the var�ous stakeholders; 
Workshops and fac�l�tated d�scuss�on
Publ�c and commun�ty meet�ngs; and 
Use of commun�cat�on med�a. 

�)
��)
���)
�v)
v)
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10.4.5 Conducting and EIStudy

General 

The �nformat�on gathered dur�ng the “scop�ng exerc�se” and conta�ned �n the “scop�ng” report and the 
Terms of Reference for the EIStudy, shall form the bas�s for conduct�ng the study. The terms of reference 
shall be approved by NEMA before the EIA/ESIA �s conducted. An approval letter of ToR shall be 
�ssued by NEMA.

The study team shall comprise of persons who are registered and certified by NEMA to carry out 
env�ronmental �mpact assessments. The study team w�ll also be members of the Uganda Assoc�at�on 
for Impact Assessment (EIA). The study team shall endeavour to collect all the relevant data needed to 
address the significant environmental issues identified during the “scoping exercise”. During the study, 
the team shall conduct field work and consult widely with all the project stakeholders, relevant agencies, 
and the general publ�c to obta�n and ver�fy �nformat�on such as:

Proof of land ownership for the development – by means of sale agreements, certificate of land 
t�tle or other legally b�nd�ng documents, 
Basel�ne �nformat�on that w�ll �nclude: soc�o-econom�c status of the project affected persons 
(PAPs) and the�r �mmed�ate surround�ngs, topography, cl�mate, water resources, hydrogeology, 
geology and soils, flora and fauna.
Information on cultural heritage and other areas of historical significance,
GPS locat�ons of the land and key po�nts, e.g. the sampl�ng po�nts for so�l and water qual�ty 
analys�s,
A Google map or other appropr�ate map of the land where the development �s to be carr�ed out, 
so that �t �s eas�er to access such a s�te by env�ronmental �nspectors.

The EIA/ESIA study team w�ll also �nqu�re about the prel�m�nary �mpacts that can be collected by 
physical field observation and stakeholder consultations, and then study and analyse the information 
collected to comp�le all potent�al �mpacts of the project. M�t�gat�on measures for adverse env�ronmental 
�mpacts shall be proposed, and compensatory measures recommended for unavo�dable �mpacts. It �s 
essent�al that the cost-effect�veness of the proposed m�t�gat�on measures �s analysed aga�nst other v�able 
alternat�ves.

When present�ng �mpacts, they should be categor�sed based on the sever�ty of the potent�al �mpact us�ng 
a predefined impact rating criteria as minor, moderate or major according to the definition below.

Minor impact – an effect will be experienced, but the impact magnitude is sufficiently small and 
well w�th�n accepted standards, and/or the receptor �s of low sens�t�v�ty/value.
Moderate �mpact – an �mpact that w�ll be w�th�n accepted l�m�ts and standards. They may vary 
from a threshold below wh�ch the �mpact �s m�nor up to a level that m�ght be just short of 
breach�ng an establ�shed regulatory l�m�t.
Major �mpact – �s where an accepted l�m�t or standard may be exceeded, or large magn�tude 
�mpacts occur to h�ghly valued/sens�t�ve resource/receptors.

Extent: w�th�n l�m�ted area (<�00 m from s�te), local (up to �0 km) or w�de (reg�onal or global > �0 km); 
Durat�on: temporary (� year), short term (�-5 years), med�um term (5 -�0 years) long term (> �0– 50 
years) or permanent.

A tabular presentat�on �s preferred, e.g. the following impacts (Table 10-5) were identified in the ESIA for 
Arua Water Supply Expans�on and San�tat�on Project. The potent�al �mpacts presented �n Table �0-5 are 
for just one component (water treatment works) and one phase (construct�on) of the project. Therefore, 
impacts have to be identified for all project components and phases, including operation, maintenance 
and decomm�ss�on�ng phase.

i)

a)

b)

c)
d)

e)

a)

b)

c)
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Table 10-5: Potential Impacts for the Rehabilitation of Water Works.

Project component: Water Treatment works Phase:	Construction	phase

Issue Potential Impact Type and 
Rating Extent Duration

� A�r pollut�on Em�ss�ons from construct�on 
equ�pment and project veh�cles.

D�rect, 
M�nor L�m�ted Temporary

� No�se pollut�on
Interm�ttent no�se from 
construct�on. Equ�pment and 
heavy project veh�cles.

D�rect, 
Moderate L�m�ted Temporary

3 Water pollut�on
Water pollut�on from dredg�ng 
act�v�t�es, acc�dental sp�llage of 
fuel and lubr�cants.

D�rect, 
Major L�m�ted Temporary

4 Water levels
Water levels may be affected by 
rehab�l�tat�ng the �mpoundment 
we�r and reservo�r.

D�rect, 
Major W�de Short to 

Long term

5 So�l eros�on and 
contam�nat�on

Inappropr�ate construct�on 
pract�ces and so�l protect�on 
measures wh�ch may �nduce 
or accelerate so�l eros�on w�th 
poss�ble pollut�on and s�ltat�on 
of downstream water sources; 
Removal of top so�l may lead to 
loss of so�l fert�l�ty.

D�rect, 
Major L�m�ted Temporary

6 Sol�d waste 
generat�on

Domest�c waste from camps be 
an eye sore and may contam�nate 
so�l and water resources.

D�rect, 
Moderate L�m�ted Temporary

7 Impacts on flora 
and fauna

Loss of wetland plants and 
assoc�ated fauna; Cleared 
vegetat�on may comprom�se 
aesthet�c value of the s�tes.

D�rect, 
M�nor L�m�ted Temporary

8

Publ�c Safety 
�nclud�ng acc�dents 
as a result of 
�ncreased veh�cular 
traffic

Excavat�ons and transportat�on 
of equ�pment, s�te workers and 
debr�s and movement of heavy 
equ�pment may pose a safety r�sk 
to the general publ�c; Increase �n 
the l�kel�hood of acc�dents w�th�n 
and around the v�c�n�ty of water 
works area from poss�ble careless 
dr�v�ng of project veh�cles.

D�rect, 
Moderate L�m�ted Temporary

9 Publ�c health 
problems 

Pools of stagnant water may 
form �n p�ts, holes and excavated 
d�tches and create su�table 
hab�tats for d�sease vectors such 
as malar�a; Potent�al of HIV 
spread as well as poor hyg�ene �n 
workers camps.

D�rect, 
Moderate L�m�ted Temporary
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Project component: Water Treatment works Phase:	Construction	phase

Issue Potential Impact Type and 
Rating Extent Duration

�0 Occupat�onal 
health and safety

Exposure of workers to 
occupat�onal health and safety 
hazards from act�v�t�es such as: 
excavat�ons; work�ng w�th heavy 
equ�pment; work�ng under no�sy 
conditions, working in confined 
spaces; l�ft�ng of heavy objects; 
storage, handl�ng and use of 
hazardous substances and wastes; 
Poor hyg�ene and san�tat�on �n 
workers camps.

D�rect, 
Moderate L�m�ted Temporary

��

D�sturbance/ 
�nterrupt�on of 
commerc�al and 
soc�al act�v�t�es

Interference w�th commerc�al and 
soc�al act�v�t�es.

D�rect, 
M�nor L�m�ted Temporary

�� D�srupt�on of 
soc�al order

Influx of people in the area which 
may affect the local economy, 
cause alterat�on of culture and 
�ntroduce behav�oral changes.

D�rect, 
M�nor L�m�ted Temporary

�3 Raw mater�al use

Large quant�t�es of construct�on 
mater�al w�ll be �nvolved, for 
example, cement, steel, o�l fuel, 
p�pe mater�als (e.g. PVC, uPVC, 
concrete and/or steel). Also, large 
quant�t�es of local mater�als, e.g. 
sand, gravel w�ll be �nvolved. 
Add�t�onal �mpacts �nclude wet 
season excavat�on, creat�on of 
quarry s�tes and borrow p�ts. 
If excavated areas are not re-
�nstated; and �f mater�als are 
not well stored and ut�l�zed, as 
well as �nst�tut�ng management 
measures for waste mater�als, 
contam�nat�on of the env�ronment 
may occur.

D�rect, 
Moderate L�m�ted Temporary

�4 V�sual amen�t�es

Construct�on s�tes, �f not well 
managed, may have �mpacts on 
aesthet�cs of the surround�ngs 
w�th the poss�b�l�ty to affect 
the ne�ghbor�ng res�dents to the 
WTW w�th moderate v�ew po�nt.

D�rect, 
M�nor L�m�ted Temporary

Source: ESIA for Arua Water Supply Expansion and Sanitation Project, 2012.

Analysis of alternatives
The EIA process seeks to compare var�ous alternat�ve opt�ons wh�ch may be ava�lable for a project, 
and thus determ�ne wh�ch alternat�ve represents the most des�rable balance between env�ronmental and 
economic costs and benefits. The EIA process shall, therefore, include an analysis and discussion of a 
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reasonable range of alternat�ves to the proposed project, wh�ch could feas�bly meet the bas�c object�ves 
of the project.

In the analys�s of the alternat�ves, the env�ronmental losses and ga�ns assoc�ated w�th each alternat�ve 
should be compared together with the economic costs and benefits, to provide a full and balanced picture 
of each alternat�ve. A recommendat�on of the preferred alternat�ve and the reasons why �t has been 
chosen shall be g�ven �n the d�scuss�on of the alternat�ves.

Impact Mitigation
One of the ma�n object�ves of the EIA process �s to pred�ct and prevent unacceptable adverse env�ronmental 
effects of a proposed project, by recommending appropriate project modifications or actions which 
reduce, avo�d or offset the potent�al adverse env�ronmental consequences of the project. To ach�eve th�s 
object�ve, �t �s necessary for the EIA to be carr�ed out at the same t�me as the project des�gn, so that any 
des�gn changes can be made early enough.

Th�s approach has the advantage of sav�ng the project developer t�me and money wh�ch would otherw�se 
be wasted if the changes were to be made later on after project design has been finalized.

The purpose of m�t�gat�on �s to �dent�fy alternat�ve and better ways of �mplement�ng the proposed 
project so that the negative environmental impacts are eliminated or minimized, while the benefits are 
enhanced. Impact m�t�gat�on, however, �s only poss�ble �f the full extent of the ant�c�pated env�ronmental 
problems �s understood.

Successful �mpact m�t�gat�on demands that the necessary m�t�gat�on measures are �mplemented at the 
correct t�me and �n the correct manner. Th�s usually requ�res a clear and agreed-upon mon�tor�ng plan, 
to ensure the actual �mplementat�on of the m�t�gat�on proposals.

Monitoring
Procedures for mon�tor�ng the env�ronmental performance of a proposed project shall be �ncorporated 
�n the EIStudy. The tool used for mon�tor�ng post- construct�on, construct�on as well as operat�on and 
ma�ntenance of the water supply project �s the Env�ronmental Management Plan (EMP). The EMP should 
present each �mpact type, the actual �mpact and m�t�gat�on measures, as well as a mon�tor�ng �nd�cator, 
est�mated un�t cost, est�mated total cost, the respons�ble ent�ty/agency for m�t�gat�ng the �mpact as well 
as the mon�tor�ng �nst�tut�on. The EMP should be presented for the pre-construct�on, construct�on, 
operat�on and ma�ntenance and decomm�ss�on�ng phases. Project developers, whose projects have been 
subjected to EIStudy, shall ensure that the m�t�gat�on measures and act�ons to protect the env�ronment are 
adopted and actually �mplemented. The developer shall undertake to conduct “self-mon�tor�ng”, “self-
record-keep�ng” and “self-report�ng”, and the �nformat�on gathered through th�s mon�tor�ng process, 
shall be stored and made ava�lable dur�ng the �nspect�on of the project by the NEMA.

10.5 Social Impact Assessment

10.5.1 General Policy

The sect�on w�ll be wr�tten by use of ma�nly secondary data and supplemented w�th �nterv�ews from 
selected water supply systems. The purpose of the interview will be to find out their experiences with 
soc�al �ssues �n the des�gn of the systems. How they planned or not planned for them, the consequences 
and lessons learnt for future plann�ng.

10.5.2 Introduction

Planners and dec�s�on makers �ncreas�ngly recogn�ze the need for better understand�ng of the soc�al 
consequences of pol�c�es, plans, programmes and projects (PPPPs). Soc�al Impact Assessment helps �n 
understanding such impacts. Social Impact Assessment alerts the planners as to the likely benefits and 
costs of a proposed project, wh�ch may be soc�al and/or econom�c (Vanclay, �00�). The knowledge of 
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these l�kely �mpacts �n advance can help dec�s�on-makers �n dec�d�ng whether the project should proceed, 
or proceed w�th some changes, or dropped completely. The most useful outcome of a SIA �s to develop 
m�t�gat�on plans to overcome the potent�al negat�ve �mpacts on �nd�v�duals and commun�t�es. SIAs can 
ass�st advocacy groups as well. A Soc�al Impact Assessment report, done pa�nstak�ngly, show�ng the real 
consequences of the project on affected people and suggest�ng alternat�ve approaches, g�ves cred�b�l�ty 
to the�r campa�gns (Counc�l for Soc�al Development New Delh�, �0�0). 

Water projects w�ll normally compr�se of the construct�on of new water treatment works, water reservo�rs 
and extension of distribution mains in which the impacts are site specific. Few, if any, of the impacts 
are �rrevers�ble; and �n most cases, the m�t�gat�on measures can read�ly be des�gned. D�splacement of 
persons and assets �s most unl�kely.

10.5.3 Justification for Doing a Social Impact Assessment

While there is not a single precise definition for SIA, it has been defined as “the process of assessing 
or estimating in advance the social consequences that are likely to follow from specific policy actions 
or project developments” (Barrow, �000; Joyce and Macfarlane, �00�). As well as soc�al �mpacts, 
SIA may also assess the cultural, demograph�c and econom�c consequences of a proposal on all major 
stakeholders (Burdge, �004). Soc�al �mpacts �nclude all soc�al and cultural consequences to human 
populat�ons of any publ�c or pr�vate act�ons that alter the ways �n wh�ch people l�ve, work, play, relate 
to one another, organ�ze to meet the�r needs, and generally cope as members of soc�ety. Cultural �mpacts 
�nvolve changes to the norms, values, and bel�efs of �nd�v�duals that gu�de and rat�onal�ze the�r cogn�t�on 
of themselves and the�r soc�ety.

In essence, an SIA �s conducted to address the quest�on of “Who benefits and who loses?” (determ�n�ng 
�mpact equ�ty) from the �mplementat�on of a proposal (Barrow, �000; Wolf, �983). Burdge states that a 
properly done SIA should also answer the follow�ng quest�ons: 

What will happen if a proposed action was to be implemented – why, when and where? 
Who is being affected? 
What will change under different alternatives? 
How can adverse impacts be avoided or mitigated and benefits enhanced

10.5.4 Steps in Doing a Social Impact Assessment

10.5.4.1   Scoping

Scoping is the first step in social Impact assessment. Essentially, this will involves a visit to the project 
site, and consultation with all stakeholders. It is important to confirm their understanding of key issues. 
Th�s allows for on-s�te apprec�at�on of �mpacts espec�ally for projects that cause d�splacement on a large 
scale. The local knowledge can be invaluable in finding alternatives that help avoid or at least reduce 
the magn�tude and sever�ty of adverse �mpacts. It �s a stage to �dent�fy potent�ally �mpacted people; 
�dent�fy l�m�ts; dec�de on methodology, var�ables and data sources (Barrow, �000, F�nsterbusch et al., 
�983; Wolf, �983). Scop�ng should only �dent�fy all �ssues and affected groups to get all the cards on 
the table.

Factors that may be identified in the scoping will include:

L�festyle, amen�ty and recreat�onal use and access;
Sense of place;
Ind�genous commun�t�es;
Ex�st�ng and future needs;
Equ�table access to water; and
Development footpr�nt.
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10.5.4.2 Profiling

This stage will determine who is likely to be impacted (stakeholders), establish current social profile 
and basel�ne data. To assess the extent of soc�al �mpacts, �t �s necessary to assess the soc�o-econom�c 
cond�t�ons of the affected people. Th�s assessment generally �nvolves conduct�ng a soc�oeconom�c 
survey and a broad based consultation with all affected groups. The socioeconomic profiling should not 
be restricted to adversely affected population. The survey should include those who benefit from the 
employment and other econom�c opportun�t�es generated by the project.

10.5.4.3 Prediction

The project�on of �mpacts w�ll use the �nformat�on gathered from prev�ous steps to pred�ct what w�ll 
happen and who will be affected. Direct social impacts are defined as those that result “directly from the 
soc�al change processes that are �nvoked by a project” and may be e�ther �ntended or un�ntended. It �s 
important to remember that the impacts identified should be those which are expected to occur as a result 
of the proposal be�ng �mplemented and not as a result of basel�ne trends.

Some of the possible positive impacts of water supply projects

Per cap�ta water supply w�ll �ncrease;
Timely and sufficient supply of quality water;
Water borne d�sease w�ll decrease and health status w�ll �mprove;
Employment opportun�t�es to unsk�lled and sem�-sk�lled persons dur�ng construct�on and serv�ce 
to a few persons �n O&M;
Equ�table and conven�ent d�str�but�on of water;
Effect�ve mon�tor�ng;
W�th extens�ve and adequate supply pressure on ground water w�ll decrease;
Water recycled w�ll be used for �ndustr�al and commerc�al purposes;
Water sale to �ndustr�es w�ll add to revenue of water supply �nst�tut�ons; and
Employment opportun�t�es ava�lable to tradesmen and suppl�ers of relevant serv�ces.

Possible Negative Effects

Land acqu�s�t�on and d�splacement;
Influx of people in the area;
Public disruption due to traffic congestion etc.; and
D�seases l�ke HIV/AIDS.

10.5.4.4 Evaluation

Th�s step w�ll determ�ne the magn�tude and effect of �mpacts; determ�n�ng the potent�al for avo�dance/
mitigation; determine significance of identified impacts; and determine who benefits and who loses; 
evaluate whether overall �mpact �s acceptable and select an opt�on. S�nce many �mpacts are not 
quantifiable, it is impossible to rank them objectively. The community perceptions of an impact and 
those of the SIA team are not necessar�ly the same. The affected people should therefore be consulted 
�n rank�ng �mpacts. If �mpacts are found unacceptable, the SIA must clearly state that g�v�ng reasons. 
Generally, the Social Impact Assessment is expected to result in specific mitigation plans to address 
relevant soc�al/resettlement �ssues and potent�al �mpacts.

10.5.4.5 Mitigation 

At this stage, measures will be identified to counter unwanted impacts. This step in SIA is to develop 
a mitigation plan to firstly avoid displacement, secondly to minimize it, and thirdly to compensate for 
adverse �mpacts. The major contr�but�on of an SIA study �s to help plan to, manage, and then m�t�gate 
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any negat�ve �mpacts (or enhance any pos�t�ve ones) that may ar�se due to a proposed project. Poss�ble 
m�t�gat�on measures �nclude:

Land acqu�s�t�on m�n�mum to meet the project requ�rements, 
Land acquisition?

El�g�b�l�ty cr�ter�a and ent�tlement framework;
Est�mate affected fam�l�es;
Valuat�on of affected assets;
Organ�zat�onal procedures;
Implementat�on framework;
Redress of gr�evances;
Mechan�sm of consultat�ons; and
Inst�tut�onal arrangements for mon�tor�ng and evaluat�on. 

Safety and secur�ty to publ�c dur�ng construct�on;
Road and land w�ll be restored to or�g�nal cond�t�on after construct�on works;
Replacement by new plantat�ons aga�nst the cutt�ng of trees, wherever unavo�dable;
Access to emergency serv�ces- ambulance, pol�ce etc. to people dur�ng construct�on per�od;
Comm�tment to engage �n extens�ve consultat�on w�th landowners along the potent�al p�pel�ne 
corridor prior to finalizing the route;
Commitment to work jointly with communities to manage the potential impacts of influx of 
construct�on workers dur�ng the construct�on phase;
Comm�tment to mon�tor�ng and transparent report�ng of mon�tor�ng results;
Comm�tment to mon�tor soc�al comm�tments;
Comm�tment to open d�alogue w�th local people and to offer to work jo�ntly on agreed pr�or�ty 
projects of benefit to both; and
Comm�tment to develop a susta�nab�l�ty �n�t�at�ve.

10.5.4.6 Monitoring

Th�s w�ll �dent�fy dur�ng Project �mplementat�on what may happen, who �s affected. Ident�fy cause 
effect l�nkages and feedbacks, Pred�ct �nd�rect and cumulat�ve �mpacts. Th�s has to be done �n two ways 
as follows:

Internal Monitoring
The respons�b�l�ty for track�ng progress towards ach�evement of project output and outcome w�ll l�e 
w�th the un�t respons�ble for �mplement�ng a certa�n project or program – �n many cases the execut�ng 
or implementing agency. The responsible unit needs to allocate sufficient resources for regular data 
collect�on and analys�s.

External Monitoring
Donors and �nternat�onal organ�zat�ons w�ll go on m�ss�ons to check the status of the project or program 
they are financing. Such missions include discussions with various stakeholders about the status of 
project �mplementat�on, change �n project assumpt�ons, new project r�sks, or any add�t�onal �nformat�on 
that appear to affect the project. For large scale and complex projects, donors m�ght use a team of experts 
to check project accounts or certa�n techn�cal, soc�al and env�ronment aspects.

10.5.5 Methodology/How to do a Social Impact Assessment

The different methods in each of the steps identified above, in general terms.

Secondary data collect�on and stakeholder analys�s. 
Extens�ve grassroots commun�ty research to understand commun�ty concerns and �dent�fy.
Assess the soc�al �mpacts are both pos�t�ve and negat�ve.
Ident�fy mon�tor�ng and m�t�gat�on opt�ons.
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10.5.6 What to Include in a Social Impact Assessment

Core SIA var�ables 
Populat�on change
Commun�ty and �nst�tut�onal structures
Pol�t�cal and soc�al resources
Commun�ty and fam�ly changes
Commun�ty resources

Other var�ables 
Health and soc�al wellbe�ng
Qual�ty of the l�v�ng env�ronment (l�veab�l�ty)
Econom�c �mpacts and mater�al wellbe�ng
Cultural �mpacts
Fam�ly and commun�ty �mpacts
Inst�tut�onal, legal, pol�t�cal and equ�ty �mpacts
Gender relat�ons

Append�x
Sample quest�onna�res
Sample top�c gu�de

10.6 Reporting on the ESIA

10.6.1 Reporting on the Project Brief

As ment�oned above, the env�ronmental aspects of the project may be approved based on the project br�ef. 
A project br�ef should compr�se of the follow�ng contents (Source: Env�ronmental Impact Assessment 
Regulat�ons, NEMA �998): 

Name and t�tle, address of the developer.
Name, purpose, object�ves and nature of the project, �nclud�ng attr�butes such as s�ze of the 
project, des�gn, act�v�t�es that shall be undertaken dur�ng and after the establ�shment of the 
project, products and �nputs, sources of �nputs, etc.
Descr�pt�on of the proposed project s�te and �ts surround�ngs, and alternat�ve s�tes, �f any, where 
the project �s to be located.
Descr�pt�on of how the proposed project and �ts locat�on conform to ex�st�ng laws, regulat�ons 
and pol�c�es govern�ng such projects and the use of the s�te/area proposed for �ts locat�on.
Any l�kely env�ronmental �mpacts that may ar�se due to �mplement�ng var�ous phases/ stages of 
the project and proposed m�t�gat�on measures thereto.
Descr�pt�on of any other alternat�ves, wh�ch are be�ng cons�dered (e.g. s�t�ng, technology, 
construct�on and operat�on procedures, sources of raw mater�als, handl�ng of wastes, etc.).
Any other �nformat�on that may be useful �n determ�n�ng the level of ESIA requ�red. 

10,6.2 Reporting on the Environmental Impact Statement (EIS)

The document prepared after carry�ng out the Env�ronmental and Soc�al Impact Assessment �s called the 
Env�ronmental Impact Statement (EIS). The EIS shall have the follow�ng contents:

Cover page – All consultants who part�c�pated �n the ESIA study should be �ncluded, e�ther on 
th�s page or �n an �ns�der page and they should s�gn the EIS before �t �s subm�tted to NEMA. 

Executive Summary: the executive summary should be a precise description of the significant 
results and recommended act�ons from the EIStudy.
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Project Descr�pt�on: the descr�pt�on of the proposed project should �nclude the name/t�tle of the 
project, purpose/ nature, object�ves, the project worth (amount), scale and act�v�t�es dur�ng the 
d�fferent phases of the project, �nclud�ng �ts techn�cal, econom�c, soc�al and phys�cal contexts.

Project S�te: the descr�pt�on of the s�te of the proposed project should cover the surround�ng 
areas, �nclud�ng the spat�al and temporal boundar�es w�th�n wh�ch the project �s planned. The 
ex�st�ng cond�t�ons of the phys�cal, b�olog�cal and human env�ronment, current land-uses �n the 
surround�ng areas, as well as the trends and the ant�c�pated future env�ronmental cond�t�ons 
�n the area should also be descr�bed. Env�ronmentally sens�t�ve areas or areas of un�que b�o-
phys�cal, soc�o-econom�c or cultural value should be del�neated. A google map of the area or 
other map, wh�ch can be used to access the project s�te should be �ncluded. The coord�nates 
of sampl�ng po�nts for water and so�l samples should be taken by GPS us�ng the Un�versal 
Transverse Mercator (UTM) system and plotted on the map.

Env�ronmental Impacts: the nature and levels of the env�ronmental �mpacts that are l�kely to 
result from �mplement�ng and operat�ng the project at var�ous stages (�nclud�ng adverse and 
beneficial impacts, long-term versus short-term impacts, unavoidable and/or irreversible 
significant environmental effects and growth inducing aspects), should be presented.

Project Alternat�ves

M�t�gat�on Measures: m�t�gat�on measures should focus on ach�evable, pragmat�c, env�ronmentally 
feas�ble and cost-effect�ve solut�ons for the var�ous project alternat�ves.

Mon�tor�ng and Evaluat�on Programme

References

Append�ces – These �nclude Terms of Reference for EIStudy, a letter from NEMA wh�ch 
approved the Terms of Reference, Proof of land ownersh�p (e.g. cop�es of land t�tle deed, or 
sale agreement), a s�gned l�st of �nd�v�duals and agenc�es/ organ�zat�ons Consulted, and the�r 
Comments, draw�ngs (plans and sect�ons) of the proposed �nvestment.
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11.1 Introduction

Project cost management �ncludes the processes requ�red to ensure that the project �s completed w�th�n 
the approved budget. It �nvolves resource plann�ng, cost est�mat�ng, cost budget�ng, and cost control. 
The costs of a water supply project to the owner �nclude both the �n�t�al cap�tal cost and the subsequent 
operat�on and ma�ntenance costs. Each of these major cost categor�es cons�sts of a number of cost 
components. 

The �n�t�al cap�tal costs for a construct�on project �nclude the expenses related to the �n�t�al establ�shment 
of the fac�l�ty such as:

Land acqu�s�t�on, �nclud�ng assembly, hold�ng and �mprovement,
Plann�ng and feas�b�l�ty stud�es,
Arch�tectural and eng�neer�ng des�gn,
Construct�on, �nclud�ng mater�als, equ�pment and labour,
F�eld superv�s�on of construct�on,
Construction financing,
Insurance and taxes dur�ng construct�on,
Owner�s general office overhead,
Equ�pment and furn�sh�ngs not �ncluded �n construct�on, and
Inspect�on and test�ng.

The operat�on and ma�ntenance cost �n subsequent years over the project l�fe cycle �ncludes the follow�ng 
expenses:

Land rent, �f appl�cable,
Operat�ng staff,
Labour and mater�al for ma�ntenance and repa�rs,
Per�od�c renovat�ons,
Insurance and taxes,
F�nanc�ng costs,
Ut�l�t�es, and
Owner’s other expenses.

The magn�tude of each of these cost components depends on the nature, s�ze and locat�on of the project as 
well as the management organ�zat�on, among many cons�derat�ons. The owner �s �nterested �n ach�ev�ng 
the lowest poss�ble overall project cost that �s cons�stent w�th �ts �nvestment object�ves.

It �s �mportant for des�gn profess�onals and construct�on managers to real�ze that wh�le the construct�on 
cost may be the single largest component of the capital cost, other cost components are not insignificant. 
For example, land acqu�s�t�on costs are a major expend�ture for bu�ld�ng construct�on �n h�gh-dens�ty 
urban areas, and construction financing costs can reach the same order of magnitude as the construction 
cost �n large projects such as the construct�on of nuclear power plants. 

From the owner’s perspect�ve, �t �s equally �mportant to est�mate the correspond�ng operat�on and 
ma�ntenance cost of each alternat�ve for a proposed fac�l�ty �n order to analyse the l�fe cycle costs. The 
large expend�tures needed for fac�l�ty ma�ntenance, espec�ally for publ�cly owned �nfrastructure, are 
rem�nders of the neglect �n the past to cons�der fully the �mpl�cat�ons of operat�on and ma�ntenance cost 
�n the des�gn stage.
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In most construct�on budgets, there �s an allowance for cont�ngenc�es or unexpected costs occurr�ng 
dur�ng construct�on. Th�s cont�ngency amount may be �ncluded w�th�n each cost �tem or be �ncluded 
�n a s�ngle category of construct�on cont�ngency. The amount of cont�ngency �s based on h�stor�cal 
experience and the expected difficulty of a particular construction project.

In th�s chapter, we shall focus on the est�mat�on of construct�on costs, w�th only occas�onal reference to 
other cost components.

11.2 Cost Estimation

11.2.1 Introduction

Cost est�mat�ng �s one of the most �mportant steps �n project management. A cost est�mate establ�shes 
the basel�ne of the project cost at d�fferent stages of development. A cost est�mate at a g�ven stage of 
project development represents a pred�ct�on prov�ded by the cost eng�neer on the bas�s of ava�lable 
data. According to the American Association of Cost Engineers, cost engineering is defined as that area 
of eng�neer�ng pract�ce where eng�neer�ng judgment and exper�ence are ut�l�zed �n the appl�cat�on of 
scientific principles and techniques to the problem of cost estimation, cost control and profitability. 

V�rtually all cost est�mat�on �s performed accord�ng to one or some comb�nat�on of the follow�ng bas�c 
approaches: 

Product�on funct�on
Emp�r�cal cost �nference
Un�t costs of b�ll of quant�t�es
Allocat�on of jo�nt costs

11.2.2 Production Function

In m�croeconom�cs, the relat�onsh�p between the output of a process and the necessary resources �s 
referred to as the product�on funct�on. In construct�on, the product�on funct�on may be expressed by the 
relat�onsh�p between the volume of construct�on and a factor of product�on such as labour or cap�tal. A 
product�on funct�on relates the amount or volume of output to the var�ous �nputs of labour, mater�al and 
equ�pment. For example, the amount of output Q may be der�ved as a funct�on of var�ous �nput factors 
x�, x�, ..., xn by means of mathematical and/or statistical methods. Thus, for a specified level of output, 
we may attempt to find a set of values for the input factors so as to minimize the production cost. The 
relat�onsh�p between the s�ze of a bu�ld�ng project (expressed �n square metres) to the �nput labour 
(expressed �n labour hours per square metre) �s an example of a product�on funct�on for construct�on.

11.2.3 Empirical Cost Inference

Emp�r�cal est�mat�on of cost funct�ons requ�res stat�st�cal techn�ques wh�ch relate the cost of construct�ng 
or operat�ng a fac�l�ty to a few �mportant character�st�cs or attr�butes of the system. The role of stat�st�cal 
�nference �s to est�mate the best parameter values or constants �n an assumed cost funct�on. Usually, th�s 
�s accompl�shed by means of regress�on analys�s techn�ques.

11.2.4  Unit Costs for Bill of Quantities

A un�t cost �s ass�gned to each of the fac�l�ty components or tasks as represented by the b�ll of quant�t�es. 
The total cost �s the summat�on of the products of the quant�t�es mult�pl�ed by the correspond�ng un�t 
costs. The un�t cost method �s stra�ghtforward �n pr�nc�ple but qu�te labor�ous �n appl�cat�on. The �n�t�al 
step �s to break down or d�saggregate a process �nto a number of tasks. Collect�vely, these tasks must 
be completed for the construction of a facility. Once these tasks are defined and quantities representing 
these tasks are assessed, a un�t cost �s ass�gned to each and then the total cost �s determ�ned by summ�ng 
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the costs �ncurred �n each task. The level of deta�l �n decompos�ng �nto tasks w�ll vary cons�derably from 
one est�mate to another.

11.2.4 Allocation of Joint Costs

Allocat�ons of cost from ex�st�ng accounts may be used to develop a cost funct�on of an operat�on. The 
bas�c �dea �n th�s method �s that each expend�ture �tem can be ass�gned to part�cular character�st�cs of 
the operat�on. Ideally, the allocat�on of jo�nt costs should be causally related to the category of bas�c 
costs �n an allocat�on process. In many �nstances, however, a causal relat�onsh�p between the allocat�on 
factor and the cost item cannot be identified or may not exist. For example, in construction projects, 
the accounts for basic costs may be classified according to (1) labour, (2) material, (3) construction 
equipment, (4) construction supervision, and (5) general office overhead. These basic costs may then be 
allocated proport�onally to var�ous tasks wh�ch are subd�v�s�ons of a project.

11.3 Types of Construction Cost Estimates

Construct�on cost const�tutes only a fract�on, though a substant�al fract�on, of the total project cost. 
However, �t �s the part of the cost under the control of the construct�on project manager. The requ�red levels 
of accuracy of construct�on cost est�mates vary at d�fferent stages of project development, rang�ng from 
ball park figures in the early stage to fairly reliable figures for budget control prior to construction. Since 
des�gn dec�s�ons made at the beg�nn�ng stage of a project l�fe cycle are more tentat�ve than those made 
at a later stage, the cost est�mates made at the earl�er stage are expected to be less accurate. Generally, 
the accuracy of a cost estimate will reflect the information available at the time of estimation.

Construct�on cost est�mates may be v�ewed from d�fferent perspect�ves because of d�fferent �nst�tut�onal 
requ�rements. In sp�te of the many types of cost est�mates used at d�fferent stages of a project, cost 
estimates can best be classified into three major categories according to their functions. A construction 
cost est�mate serves one of the three bas�c funct�ons: des�gn, b�d and control. 

For establishing the financing of a project, either a design estimate or a bid estimate is used.

Des�gn Est�mates. For the owner or �ts des�gnated des�gn profess�onals, the types of cost est�mates 
encountered run parallel w�th the plann�ng and des�gn as follows: 
Screen�ng est�mates (or order of magn�tude est�mates).
Prel�m�nary est�mates (or conceptual est�mates).
Detailed estimates (or definitive estimates).
Engineer�s estimates based on plans and specifications.

For each of these d�fferent est�mates, the amount of des�gn �nformat�on ava�lable typ�cally �ncreases.

B�d Est�mates. For the contractor, a b�d est�mate subm�tted to the owner e�ther for compet�t�ve 
bidding or negotiation consists of direct construction cost including field supervision, plus a 
mark-up to cover general overhead and profits. The direct cost of construction for bid estimates 
�s usually der�ved from a comb�nat�on of the follow�ng approaches. 
Subcontractor quotat�ons.
Quant�ty take-offs.
Construct�on procedures.

Control Est�mates. For mon�tor�ng the project dur�ng construct�on, a control est�mate �s der�ved 
from ava�lable �nformat�on to establ�sh: 
Budget estimate for financing.
Budgeted cost after contract�ng but pr�or to construct�on.
Est�mated cost to complet�on dur�ng the progress of construct�on.
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11.4 Design Estimates

In the planning and design stages of a project, various design estimates reflect the progress of the design. 
At the very early stage, the screen�ng est�mate or order of magn�tude est�mate �s usually made before 
the fac�l�ty �s des�gned, and must therefore rely on the cost data of s�m�lar fac�l�t�es bu�lt �n the past. 
A prel�m�nary est�mate or conceptual est�mate �s based on the conceptual des�gn of the fac�l�ty at the 
state when the basic technologies for the design are known. The detailed estimate or definitive estimate 
is made when the scope of work is clearly defined and the detailed design is in progress so that the 
essential features of the facility are identifiable. The engineer�s estimate is based on the completed 
plans and specifications when they are ready for the owner to solicit bids from construction contractors. 
In prepar�ng these est�mates, the des�gn profess�onal w�ll �nclude expected amounts for contractor’s 
overhead and profits.

Table 11-1: Sample Preliminary Construction Cost Estimates.

Item No. Description Estimated Cost [UGX]

�
�
3
4
5
6
7
8

Intake works
Raw water transm�ss�on ma�ns
Treatment works
Treated water transm�ss�on ma�ns
D�str�but�on ma�ns
Pump�ng stat�on
Storage reservo�rs
M�scellaneous works

9 SUB TOTAL 1
�0 Prel�m�nar�es (�5% of Sub-Total �)
�� SUBTOTAL 2
�� Cont�ngenc�es (�0% of Sub-Total �)
�3 TOTAL

The costs assoc�ated w�th a fac�l�ty may be decomposed �nto a h�erarchy of levels that are appropr�ate for 
the purpose of cost est�mat�on. The level of deta�l �n decompos�ng the fac�l�ty �nto tasks depends on the 
type of cost estimate to be prepared. For conceptual estimates, for example, the level of detail in defining 
tasks is quite coarse; for detailed estimates, the level of detail can be quite fine.

11-5 Bid Estimates

The contractor�s bid estimates often reflect the desire of the contractor to secure the job as well as 
the est�mat�ng tools at �ts d�sposal. Some contractors have well establ�shed cost est�mat�ng procedures 
wh�le others do not. S�nce only the lowest b�dder w�ll be the w�nner of the contract �n most b�dd�ng 
contests, any effort devoted to cost est�mat�ng �s a loss to the contractor who �s not a successful b�dder. 
Consequently, the contractor may put �n the least amount of poss�ble effort for mak�ng a cost est�mate �f 
�t bel�eves that �ts chance of success �s not h�gh.

If a general contractor �ntends to use subcontractors �n the construct�on of a fac�l�ty, �t may sol�c�t 
pr�ce quotat�ons for var�ous tasks to be subcontracted to spec�alty subcontractors. Thus, the general 
subcontractor w�ll sh�ft the burden of cost est�mat�ng to subcontractors. If all or part of the construct�on 
�s to be undertaken by the general contractor, a b�d est�mate may be prepared on the bas�s of the quant�ty 
take-offs from the plans prov�ded by the owner or on the bas�s of the construct�on procedures dev�sed 
by the contractor for �mplement�ng the project. For example, the cost of a foot�ng of a certa�n type and 
s�ze may be found �n commerc�al publ�cat�ons on cost data wh�ch can be used to fac�l�tate cost est�mates 
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from quant�ty take-offs. However, the contractor may want to assess the actual cost of construct�on 
by cons�der�ng the actual construct�on procedures to be used and the assoc�ated costs �f the project 
�s deemed to be d�fferent from typ�cal des�gns. Hence, �tems such as labour, mater�al and equ�pment 
needed to perform var�ous tasks may be used as parameters for the cost est�mates.

11.6 Control Estimates

Both the owner and the contractor must adopt some base l�ne for cost control dur�ng the construct�on. 
For the owner, a budget estimate must be adopted early enough for planning long term financing of the 
facility. Consequently, the detailed estimate is often used as the budget estimate since it is sufficient 
definitive to reflect the project scope and is available long before the engineer�s estimate. As the work 
progresses, the budgeted cost must be revised periodically to reflect the estimated cost to completion. 
A rev�sed est�mated cost �s necessary e�ther because of change orders �n�t�ated by the owner or due to 
unexpected cost overruns or sav�ngs.

For the contractor, the b�d est�mate �s usually regarded as the budget est�mate, wh�ch w�ll be used 
for control purposes as well as for planning construction financing. The budgeted cost should also be 
updated periodically to reflect the estimated cost to completion as well as to insure adequate cash flows 
for the complet�on of the project.

11.7 Operation and Maintenance Costs

11.7.1 Introduction

The elements of O&M costs may �nclude: labour; electr�c�ty; chem�cals; mater�als; overhead; raw water 
charges; �nsurance; etc. One approach �s to est�mate the O&M costs as a percentage of (accumulated) 
�nvestment costs. Another approach m�ght be to analyze the ut�l�ty’s past performance and to relate 
the total O&M costs to the volume of water produced and/or d�str�buted. And a th�rd approach relates 
specific costs items to specific outputs and totals them in a second step. For example, costs of electricity 
and chemicals could be calculated on the basis of a specific requirement per m³ produced and the 
labour requ�rements could be calculated on the bas�s of the number of employees per connect�on. Table 
��-� shows the econom�c l�fe of the var�ous water supply scheme components that can be used �n the 
calculat�on of O& M costs. The econom�c l�fe of a component �s the most econom�c t�me to keep the 
component �n serv�ce. The econom�c l�fe depends on how the component �s used and ma�nta�ned, as well 
as t�me when more modern vers�ons of the component become ava�lable, render�ng the or�g�nal vers�on 
obsolete.

The Operat�on Costs �nclude staff costs, energy costs, chem�cal costs, ma�ntenance, and m�scellaneous.

11.7.2 Staffing Costs

The ma�n object�ve of operat�onal organ�zat�on �s to ensure the prov�s�on of a cont�nued and sat�sfactory 
service to the user of the water supply system at minimum cost. The staffing is usually divided into 
management, wh�ch prov�des d�rect�on, and control, operators and ma�ntenance workers who are 
concerned w�th replacement of worn out and defect�ve �tems for cont�nuous serv�ceab�l�ty.

The staffing for a water supply utility is likely to include engineers both civil, electrical and mechanical, 
chem�sts, supported by eng�neer�ng and laboratory techn�c�ans and techn�cal ass�stants, account�ng, 
cler�cal and secretar�al personnel. Staff numbers shall depend on the water supply system s�ze and 
complexity. Additional figures for salary scales of different job groups can be found with the DWD.

11.7.3 Energy Costs

Costs of electr�c power are scheduled �n the var�ous tar�ffs of the Electr�c�ty Regulatory Author�ty (ERA). 
ERA has d�fferent methods of charg�ng for electr�c power, depend�ng on consumpt�on. Electr�c power 
charges are made up of the follow�ng three bas�c components:
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A fixed charge per reading period, 
A charge per un�t (k�lowatt hour-kWh) of electr�c power suppl�ed, and
A charge per kVA (k�lovolt-amp) of max�mum demand dur�ng the read�ng per�od.

The electr�c�ty rates are usually g�ven per KVA. For cost est�mate purposes �t may be assumed that � 
KW=0.8 KVA. D�esel pr�ces vary from one area of Uganda to another, and they can be obta�ned from 
the major fuel suppl�ers �n the country.

11.7.4 Chemical Costs

The follow�ng dosage rates may be assumed for purposes of cost est�mates, unless jar tests or other 
exper�ence �nd�cate d�fferent rates:

Alum�n�um sulphate: 0.05 kg/m3 of water.
L�me: 0.00� kg/m3 of water.
Soda ash: 0.0� kg/m3 of water.
Trop�cal chlor�de of l�me: 0.00� kg/m3 of water

Current chem�cal pr�ces should be obta�ned from the relevant chem�cal suppl�ers.

11.7.5 Maintenance Costs

The annual ma�ntenance costs of a water supply system can be made of the follow�ng component costs 
as deta�led �n Table ��-� below as a percentage of the construct�on cost of the scheme.

Table 11-2: Annual Maintenance Costs and Economic Life.

Component Economic 
Life (Years)

Annual Maintenance Costs 
‑ % of Construction Costs

� Dams 40 0.5

�
Intake works, �nclud�ng boreholes; mass 
concrete structures such as �ntakes, 
underground p�ts, culverts, etc. 40 �

3 Earthworks generally 40 �
4 Boreholes and wells �0 �
5 Pumps �0 5
6 D�esel eng�nes �0 5
7 Electr�c motors, cables and sw�tch gears �0 5
8 P�p�ng all types 30 �

9 Treatment works: Treatment works �n 
masonry or re�nforced concrete 30 �

�0 Storage tanks �n masonry or re�nforced 
concrete 30 �

�� Storage tanks: sect�onal steel �nclud�ng 
towers �0 �

�� Storage tanks corrugated galvan�zed steel 
(C.G.S.) on t�mber stands �0 �

�3 Bu�ld�ngs C.G.S. on t�mber �0 �
�4 Bu�ld�ngs, masonry 30 �

�)
��)
���)

�)
��)
���)
�v)



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 11‑7

Component Economic 
Life (Years)

Annual Maintenance Costs 
‑ % of Construction Costs

�5 Water k�osks, latr�nes, l�censed reta�ler 
po�nts etc. �0 �

�6 Gantr�es, steelwork etc. �0 �

�7 Permanent tools and plant not ment�oned 
elsewhere �0 �

�8 Water meters �0 5
�9 Chem�cal dos�ng gear �0 5
�0 Instruments and test�ng apparatus 5 5
�� Access roads 30 �
�� Fences, G.S. w�re or mesh on t�mber �0 �

�3 Fences, G.S. w�re or mesh on concrete 
posts �0 �

11.7.6 Miscellaneous Costs

11.7.6.1 Land Acquisition

The cost of land acqu�s�t�on for the scheme should be est�mated �n close consultat�on w�th the Ch�ef 
Government Valuer and the Local Government.

11.7.6.2 Electricity Power Transmission Line

Connect�on to the ex�st�ng nat�onal electr�c�ty gr�d should be est�mated �n conjunct�on w�th the ut�l�ty 
supply company. 

11.7.6.3 Design Costs

Only external des�gn costs should formally be cons�dered. The des�gn costs for the d�fferent des�gn 
stages such as Prel�m�nary des�gn, Feas�b�l�ty des�gn, and deta�led des�gn may vary depend�ng on the 
costs of the works but may range between 8% - �0% of the project cost.

11.7.6.4 Supervision Costs

The cost of superv�s�on �s related to the cost of the works and the cost of the Res�dent Eng�neer should 
be assumed to be the max�mum allowable salary �n accordance w�th the MWE staff salary structure, th�s 
may be �n the range of 3% – 5% of the project cost.

11.7.6.5 Supervision Costs

Establ�shment charges wh�ch are a contr�but�on to the expenses of the MWE may be taken as �% of the 
d�rect costs as descr�bed elsewhere �n the manual.

11.7.6.6 Depreciation Costs

The deprec�at�on should be assumed to be on a stra�ght l�ne bas�s and be based on the econom�c l�fet�me 
of the var�ous assets and equ�pment �n the water supply scheme. 

11.7.6.7 Capital Costs

Real loan charges �.e �nterest and amort�zat�on should not normally be cons�dered �n the econom�c 
analys�s of a part�cular project. Ho7wever, the annual cap�tal cost should be est�mated assum�ng 6a 
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nom�nal �nterest rate. A rate of ��% �n �0�� was used but th�s rate has to be determ�ned from t�me to 
t�me depend�ng on the rul�ng �nterest rate.

11.7.6.8 Monitoring and Evaluation Costs

The cost of mon�tor�ng and evaluat�on should be est�mated on a 50% bas�s each for data collect�on and 
analys�s respect�vely and ranges between �% - 3% of the total project cost. 

11.7.7 Life Cycle Costing (LCC)

D�fferent project �nvestment assets have d�fferent l�fet�mes and need replacement w�th�n the project 
lifetime. The cost of those reinvestments needs to be included in the project�s benefit-cost calculation. 
The purpose of LCC �s to est�mate the overall costs of project alternat�ves and to select the des�gn that 
ensures the fac�l�ty w�ll prov�de the lowest overall cost of ownersh�p cons�stent w�th �ts qual�ty and 
function. The LCC should be performed early in the design process while there is still a chance to refine 
the des�gn to ensure a reduct�on �n l�fe-cycle costs (LCC).

The first and most challenging task of LCC is to determine the economic effects of alternative designs 
and to quant�fy these effects and express them �n monetary terms. There are numerous costs assoc�ated 
w�th �nstallat�on, operat�on and ma�ntenance of water systems. These can be categor�zed as �n�t�al 
costs �nclud�ng des�gn and construct�on costs, operat�on costs, ma�ntenance cost �nclud�ng repa�rs and 
replacement costs and finance charges including investment/loan payments costs. 

11.8 Residual Values

The residual value of project assets at the end of the project life should be included in the benefit-cost 
analysis as a negative cost (or benefit).

11.9 Specifications

Specification can greatly impact the construction cost. It is therefore desirable for the Ministry of Water 
and Environment to develop specification for water supply projects.

11.10 Standard Method of Measurement

B�lls of quant�t�es should follow a standard�zed format. It �s des�rable for the M�n�stry of Water and 
Environment to have a standard definition of bill items and standardized units of measurement. 

11.11 Revenue

The revenue should be est�mated us�ng the current structure of tar�ff as approved by the Government of 
Uganda. The pr�ce may depend on locat�on, whether the water �s metered or not, type of use (domest�c 
or �ndustr�al) and whether the water �s sold to a reta�ler or d�rect to a customer. It should be assumed 
that 75% of the produced water �s sold and pa�d for by consumers, �5% be�ng leakage and waste and 
uncollected b�lls.

11.12 Presentation of Costs

The following costs should be computed and presented in all preliminary design and final design 
reports:

Investment costs for all �mplementat�on phases
Investment costs per cap�ta calculated for the �n�t�al, future, and ult�mate populat�on
Investment cost per km� of supply area and per m3 water of da�ly ult�mate output
Operat�on and ma�ntenance costs of the �n�t�al, future and ult�mate year
Product�on costs per m3 water for �n�t�al, future and ult�mate year cons�der�ng only d�rect 
operat�on and ma�ntenance costs

�)
��)
���)
�v)
v)
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Product�on costs per m3 water for �n�t�al, future and ult�mate year cons�der�ng only d�rect 
operat�on, ma�ntenance, establ�shment and annual cap�tal costs.
M�scellaneous costs e.g., land acqu�s�t�on, connect�on to electr�c�ty gr�d, des�gn costs, superv�s�on 
costs and loan costs when relevant.
Mon�tor�ng and evaluat�on costs est�mated at �-3% of the total project costs. Th�s should be 
allocated equally to data collect�on and analys�s.

Sample outputs from project cost est�mates are presented �n Table 11-3 to Table 11-7.

v�)

v��)

v���)



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 11‑10

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

Table 11-3 Sample Preliminary Cost Estimate
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Table 11-4 Presentation of Operation and Maintenance Costs
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Table 11-5 Presentation of Investment Costs
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Table 11‑6 Presentation of O&M Costs
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Table 11-7 Presentation of Engineer’s Estimate
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12.1 IntroductionIntroduction

The purpose of the financial and economic analysis is to assess the financial and economic viability of 
the proposed project, i.e, if the proposed project is financially and economically attractive or not from 
the ent�ty’s v�ewpo�nt.

12.2  Methodology

The econom�c analys�s of a water supply project (urban or rural) follows a sequence of �nterrelated steps 
[Afr�can Development Bank, �998). Gu�del�nes for the Econom�c Analys�s of Water Supply Projects]:

Defining the project objectives and economic rationale;
Demand analys�s and forecast�ng effect�ve demand for project outputs. Th�s �s to be based on 
e�ther secondary �nformat�on sources or soc�oeconom�c and other surveys �n the project area;
Establ�sh�ng the gap between future demand and supply from ex�st�ng fac�l�t�es after ensur�ng 
the�r opt�mum use;
Ident�fy�ng project alternat�ves to meet the above gap �n terms of technology, process, scale and 
locat�on through a least-cost and/or cost effect�veness analys�s us�ng econom�c pr�ces for all 
�nputs;
Identifying benefits, both quantifiable and non-quantifiable, and determining whether economic 
benefits exceed economic costs;
Assessing whether the project�s net benefits will be sustainable throughout the life of the project 
through cost-recovery, tariff and subsidy (if any) based on financial (liquidity) analysis and 
financial benefit-cost analysis;
Test�ng for r�sks assoc�ated w�th the project through sens�t�v�ty and r�sk analyses; and
Ident�fy�ng and assess�ng d�str�but�onal effects of the project and poverty reduct�on �mpact.

12.3 Timing of Financial and Economic Analysis

Economic analysis comes into play at the different stages of the project cycle: project identification, 
project preparation and project appraisal. At Project identification largely results from the formulation 
of the country sectoral strategy and country program. 

�)
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Equation 12‑1 Financial Analysis Flow Chart
Source: African Development Bank. “Guidelines for the Economic Analysis of Water Supply Projects”, 
March 1998.
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Th�s means that the bas�c dec�s�on to allocate resources to the water supply sector for a certa�n (sector) 
project has been taken at an early stage and that the project has, in principle, been identified for 
�mplementat�on. In the project preparat�on stage, the planner has to make an opt�mal cho�ce of the 
design, process, technology, scale and location etc. based on the most efficient use of the countries� 
resources.

In the project appra�sal stage, the econom�c analys�s plays a substant�al part to ensure opt�mal allocat�on 
of a nat�on’s resources and to meet the susta�nab�l�ty cr�ter�a set by both the rec�p�ent country from the 
social, institutional, environmental, economic and financial viewpoints.

12.4 Financial Vs. Economic Analysis

Financial and economic analyses have similar features. Both estimate the net benefits of an investment 
project based on the d�fference between the w�th-project and the w�thout-project s�tuat�ons. However, 
the concept of financial net benefit is not the same as economic net benefit. While financial net benefit 
provides a measure of the commercial (financial) viability of the project on the project-operating entity, 
economic net benefit indicates the real worth of a project to the country.

F�nanc�al and econom�c analyses are also complementary. For a project to be econom�cally v�able, �t 
must be financially sustainable. If a project is not financially sustainable, there will be no adequate funds 
to properly operate, ma�nta�n and replace assets; thus the qual�ty of the water serv�ce w�ll deter�orate, 
eventually affecting demand and the realization of financial revenues and economic benefits.

It has sometimes been suggested that financial viability not be made a concern because as long as a 
project �s econom�cally sound, �t can be supported through government subs�d�es. However, �n most 
cases, governments face severe budgetary constra�nts and consequently, the affected project ent�ty may 
run �nto severe l�qu�d�ty problems, thereby jeopard�z�ng even �ts econom�c v�ab�l�ty.

The basic difference between the financial and economic benefit-cost analyses of the project is that 
the former compares benefits and costs to the enterprise in constant financial prices, while the latter 
compares the benefits and costs to the whole economy measured in constant economic prices. Financial 
pr�ces are market pr�ces of goods and serv�ces that �nclude the effects of government �ntervent�on and 
distortions in the market structure. Economic prices reflect the true cost and value to the economy of 
goods and serv�ces after adjustment for the effects of government �ntervent�on and d�stort�ons �n the 
market structure through shadow pricing of the financial prices. In such analyses, depreciation charges, 
sunk costs and expected changes �n the general pr�ce should not be �ncluded.

In financial analysis, the taxes and subsidies included in the price of goods and services are integral 
parts of financial prices, but they are treated differently in economic analysis. Financial and economic 
analyses also differ in their treatment of external effects (benefits and costs), favourable effects on health 
and the unaccounted-for-water of a water supply project. Econom�c analys�s attempts to value such 
external�t�es, health effects and nontechn�cal losses.

12.5 Financial Vs. Economic Viability

The steps in determining the financial viability of the proposed project include:

Ident�fy�ng and quant�fy�ng the costs and revenues;
Calculating the project net benefits;
Estimating the average incremental financial cost, Financial Net Present Value and Financial 
Internal Rate of Return (FIRR).

The FIRR is the rate of return at which the present value of the stream of incremental net flows in 
financial prices is zero. If the FIRR is equal to or greater than the financial opportunity cost of capital, 
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the project is considered financially viable. Thus, financial benefit-cost analysis covers the profitability 
aspect of the project.

The steps �n determ�n�ng the econom�c v�ab�l�ty of a project �nclude the follow�ng:

Identifying and quantifying (in physical terms) the costs and benefits;
Valuing the costs and benefits, to the extent feasible, in monetary terms; and 
Est�mat�ng the EIRR or econom�c net present value (NPV) d�scounted at econom�c opportun�ty 
cost of cap�tal (EOCC) 

The EIRR is the rate of return for which the present value of the net benefit stream becomes zero, or 
at which the present value of the benefit stream is equal to the present value of the cost stream. For a 
project to be acceptable, the EIRR should be greater than the econom�c opportun�ty cost of cap�tal. The 
Government of Uganda uses �� per cent as the m�n�mum rate of return for projects; but for projects w�th 
considerable non-quantifiable benefits, 10 per cent may be acceptable.

In econom�c analys�s, the market pr�ces of �nputs and outputs are adjusted to account for the effects of 
government �ntervent�on and market structure. The adjusted pr�ces are termed as shadow pr�ces and 
are based e�ther on the supply pr�ce, the demand pr�ce, or a we�ghted average of the two. D�fferent 
shadow pr�ces are used for �ncremental output, non-�ncremental output, �ncremental �nput and non-
�ncremental �nput.

Non-�ncremental outputs are project outputs that replace ex�st�ng water product�on or supply. For 
example, a water supply project may replace ex�st�ng supply by water vendors or household/commun�ty 
wells. Incremental outputs are project outputs that add to ex�st�ng supply to meet new demands. For 
example, the demand for water �s expected to �ncrease �n the case of a real decl�ne �n water supply costs 
or tar�ffs. Incremental �nputs are for project demands that are met by an overall expans�on of the water 
supply system. Non�ncremental �nputs are �nputs that are not met by an expans�on of overall supply but 
from ex�st�ng suppl�es, �.e., tak�ng supply away from ex�st�ng users. For example, water supply to a new 
�ndustr�al plant �s done by us�ng water away from ex�st�ng agr�cultural water.

12.6 Methods of Economic Analysis

12.6.1  Introduction

In order to choose the best capital investment for the firm, management requires that a number of 
ava�lable alternat�ve �nvestments be evaluated us�ng an appropr�ate method of compar�son. S�nce 
capital projects have different terms of costs, benefits, and timing, the basis of comparison must take 
�nto account these d�fferences as well as the t�me value of money. There are several methods used for 
evaluat�ng �nvestments �n eng�neer�ng economy stud�es: net present value, equ�valent annual worth, 
internal rate of return, External rate of return, profitability index, benefit/cost ratio, payback period, cost 
effect�ve methods, cap�tal recovery w�th return and cap�tal�zed equ�valent. These methods are descr�bed 
�n th�s Chapter.

�)
��)
���)
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12.6.1 2 Net Present Value [NPV]

The net present value method requires that all cash flows be discounted to their present value, using the 
firms required rate of return. It can be expressed as:

      Equation 12‑2
Where:

At = cash flow for period t
C0 = �n�t�al cost of the project
t = t�me
n = no. of years
� = �nterest rate

For a given project, once the cash flows have been discounted to present dollars, they can be compared 
to the costs of the projects, usually measured in present dollars. If the present value of the cash flows 
is equal to or greater than the cost of the investment, the project is profitable and should be accepted. 
The project w�th a larger NPV �s cons�dered a better �nvestment. The requ�red rate of return �s the rate 
the firm can be obtained from comparable investment alternatives. It is also known as the discount rate, 
the cost of cap�tal, the hurdle rate, or the m�n�mum acceptable rate of return. The advantaged of the net 
present value method are that �t takes �nto account the t�me value of money and regardless of the pattern 
of cash flows; a single net present value is easily calculated.

When the cost of the project �s spread over a number of years, the net present value �s obta�ned as 
follows:

      Equation 12‑3
A sl�ght var�at�on to th�s method �s called the present worth method. Th�s method �s used by cons�der�ng 
either costs alone, benefits alone or costs and benefits together. It discounts all future sums to the present, 
us�ng an appropr�ate d�scount rate.

12.6.1 3 Equivalent Annual Worth [EAW]

Frequently, we wish to compare alternative cash flows in terms of uniform annuities. This method 
expresses all future and past costs and revenues �n terms of year-end un�form payment [A]

    Equation 12‑4
The advantage of the Equivalent Annual Worth method is in resolving the dilemma faced by a firm 
wh�ch must choose between two �nvestments alternat�ves of d�fferent useful l�ves. The NPV and EAW 
methods are ma�nly used �n pr�vate sector projects.

12.6.1 4 Internal Rate of Return [IRR]

Th�s �s the method most w�dely used by eng�neers and bus�ness managers �n evaluat�ng cap�tal projects. 
This method expresses profitability of a capital investment in percentage terms, a measure that is easily 
understood by experts and laymen al�ke. The �nternal rate of return for an �nvestment �s the rate of return 
[i.e. an interest rate] that makes the present value of the cash flow equal to the cost of the investment. 
Mathemat�cally, �t can be calculated from
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         Equation 12‑5
Where:

C0 = �n�t�al cap�tal outlaw
At  = cash flow in period t
R  = �nternal rate of return, IRR of the �nvestment

IRR of an �nvestment �s the d�scount rate that makes the NPV of the �nvestment equal to zero.

When the cash flow are not uniform series, the IRR must be calculated by trial and error or 
using a computer program. When the IRR of the investment is greater than the cost of capital 
of the firm, the investment is accepted. Sometimes the IRR must exceed the so-called required 
rate of return of the project or the firms minimum acceptable rate of return.
The IRR method is plagued by two main concerns:

Revenues from the project are assumed to be re�nvested at the �nternal rate. If th�s rate �s h�gh 
or low relat�ve to M�n�mum Attract�ve Rate of Return [market rate, MARR], th�s assumpt�on 
�s unreal�st�c. The assumpt�on concern�ng re-�nvestment of �ncomes can b�as the select�on of 
projects depend�ng on whether net �ncomes are real�sed e�ther early or late on the t�me l�ne.
For complex cash flows [e.g., those associated with large resource developments] where cash 
flow fluctuates between positive and negative we can obtain multiple internal rates.

These two problems can be solved by:

Plott�ng the NPV versus �% and juxtapos�ng MARR on the plot. If NPV Is pos�t�ve we �nvest, �f 
negat�ve we do not �nvest.

Use the external rate of return [ERR]

12.6.5 External Rate of Return [ERR]

The ERR method returns an �% s�m�lar to the IRR method, however, assumpt�ons concern�ng re-
�nvestment of �ncomes from a project �nvestment are made at MARR. Th�s �s more real�st�c than IRR. 
Also since points of inflection between positive and negative cash flows are adjusted, multiple rates are 
not obta�ned. There are two methods for obta�n�ng the external rate of return from an �nvestment.

12.6.6  Precise Method

Steps:

Obtain point or points of trade-off between positive and negative regions of cash flow. This is 
referred to the po�nt of balance on the t�me l�ne [may be somewhat subject�ve, may vary for 
complex cash flows];
D�scount all revenues forward to the po�nt of balance at MARR;
D�scount all costs forward to po�nt of balance at the known external rate �%;
D�scount all future revenues and costs back to the po�nt of balance at �%; and
Equate the revenues and costs and solve for the external rate.

12.6.7 Approximate Method

Steps:

Discount all revenues forward to point of last cash flow at MARR;
Discount all costs forward to point of last cash flow at unknown rate i%; and
Equate all d�scounted revenues and costs and solve for �%.

a)

b)

a)

b)

�)

��)
���)
�v)
v)

�)
��)
���)
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12.6.8 Benefit/Cost Ratio Analysis [B/C]

12.6.8.1   Introduction 

The B/C ratio method discounts all benefits and costs to a common point in time [normally the present, 
t = 0] and expresses the result as a rat�o, such that:

   Equation 12‑6

Where PW (Bj) present worth of benefits at time j
 PW (Cj) present worth of benefits at time j
 AW Annual worth 

AW may be used instead of PW. This method is also called the Profitability Index Method. This method 
g�ves the same result as the NPV method. When faced w�th two alternat�ves, the B/C can be m�slead�ng. 
It �s requ�red to calculate the B/C rat�o on �ncremental cost of the project. If greater than �.0 we take that 
project to be more profitable.

12.6.8.2 Absolute Approach

All alternat�ves are compared to a base do noth�ng alternat�ve and dec�s�on �s made on cho�ce or rank 
alternat�ve relat�ve to base. Th�s method �s used to rank non-mutually exclus�ve alternat�ves.

Steps: 

Arrange all alternat�ves �n order of �ncreas�ng cap�tal [or operat�ng costs]
Select base alternative usually lowest capital cost option [lowest benefits]
Select method [e.g. B/C rat�o] and compare to base
Select alternat�ve w�th h�ghest B/C rat�o [or h�ghest NPW, EAW, etc.]

12.6.8.3 Incremental Approach

Th�s method �nvolves a step-w�se procedure for compar�ng alternat�ves two at a t�me.

Arrange alternat�ves �n order of �ncreas�ng cap�tal or operat�ng costs.

Base alternat�ve [A�]:  Select A� as bas�s. Compare A� to A�. Select A� or A�. If A�, delete A�. Compare 
A3 to A�. Select A3 or A�. If A3, compare A4 to A3.

12.6.8.4 Criteria for Selection

NPW, h�ghest cost alternat�ve �f NPW>0; B/C rat�o h�gher cost alternat�ve �f B/C>�.0; IRR h�gher cost 
alternat�ve �f �R>MARR. This method yields alternative whose extra benefit per $ or extra investment 
�s greater than zero. On lower layers of �nvestment, the return can actually be h�gher than on the latter 
layers [higher levels of investment]. This is not the same as highest benefit to cost ratio.

12.6.9  Payback Period Method

12.6.9.1 Introduction 

Sometimes firms are concerned with the number of years required to recover the initial outlay of an 
�nvestment. Payback per�od refers to the number of years (months etc.) at wh�ch a project �nvestment 
beg�ns to pay for �tself. The payback per�od �s used to evaluate the feas�b�l�ty of projects �n such cases. 

�)
��)
���)
�v)
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Presumably the shorter the payback per�od the better �s the �nvestment. Payback per�od �s found �n two 
ways; conventionally and by discounting the cash flows. 

12.6.9.2  Conventional Payback

The payback per�od �s s�mply obta�ned by count�ng the number of years �t takes for cumulat�ve cash 
flows to equal the initial investment.

12.6.9.3 Discounted Payback

This method requires that the cash flows be discounted using the required rate of return, before they are 
added up to equal the �n�t�al �nvestment.

The payback method has two bas�c problems when �t �s used to compare alternat�ves.

future benefits after payback period are ignored; and
for the und�scounted method, future revenues are treated the same regardless of when they occur 
�n the future. Th�s �gnores opportun�ty cost of cap�tal over t�me.

12.6.9.4 Cost-Effective Methods

This method is useful to compare alternatives where significant, non-monetary outputs are involved. 
The benefits are expressed in subjective terms, for example some aesthetics ratings, some comfort 
�ndex, some serv�ceab�l�ty �ndex and so on. Th�s method �s normally supplemented by other methods. 
The modification to this method is known as rank-best expected value method. In this method project 
alternat�ves are ranked as a funct�on of the�r ab�l�ty to meet the standard set for each object�ve. In 
add�t�on each object�ve �s g�ven a we�ght or rank accord�ng to �ts order of �mportance. The most des�rable 
alternat�ve �s g�ven the h�ghest rank�ng score.

12.6.9.5 Capital Recovery Cost with Return

When a cap�tal asset such as a mach�ne or a computer �s purchased, �t �s expected that �ts use w�ll 
generate enough �ncome to recover the or�g�nal cost of the �nvestment.

     Equation 12‑7
Where:

P  = In�t�al cost of the asset
n  = Est�mated serv�ce l�fe �n years
CR  = Cap�tal Recovery cost per year.

If salvage value �s �ncluded the formula becomes:

    Equation 12‑8
Where:

F  = Forecasted salvage value of the asset at the end of year n and 
CR  = Cap�tal recovery w�th return per year.

G�ven two or more alternat�ves, the dec�s�on rule, us�ng the cap�tal recovery method, �s that the �nvestment 
w�th the smallest value of CR �s accepted.

a)
b)



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 12‑9

12.6.9.6 Capitalized Equivalent

F�nanc�ng publ�c projects and sett�ng up endowments usually �nvolves the determ�nat�on of the amount 
of investment required at the present time to generate annual cash flows in perpetuity.

       Equation 12‑9

Where Co = present value of the �nvestment

Th�s equat�on reduces to:

     Equation 12‑10
Where CE              = Cap�tal Equ�valent

The rule is that for a given rate of return the investment that yields the highest annual cash flow should 
be accepted.

12.6.10  Treatment of Unequal Lives

Treatment of unequal l�ves can be calculated us�ng the methods below 

Lowest common multiple life method: All alternative cash flows are repeated to coincide with 
lowest common l�fe span.
Use shortest l�fe span and apply appropr�ate salvage values to longer l�fe alternat�ves
Extend value of shorter life assets to reflect the longer life span Equivalent annual work 
method.

12.6.11 Example 1

Calculate the payback per�od for the follow�ng three projects. Assum�ng the �n�t�al outlay and the�r 
estimated cash flows are as indicated in Table 12-1. What is the best project and what is the raking of 
the others?

Table 12-1 Comparison of Payback Period of 3 projects

Year Project A Project B Project C
0 -�400 -�400 -�400
� 600 800 500
� 600 800 700
3 600 800 900
4 600 800 ��00
5 600 800 �300

Solution

W�th no d�scount�ng, the best project �s B [payback per�od = 3 years] followed by C [3.�7 years] and 
the A [4 years].W�th d�scount�ng, the best project �s B [payback per�od = 3.75 yrs] followed by C [3.9� 
years] and the A [5 years, must be rejected as payback per�od exceeds l�fe of �nvestment].Us�ng NPV: 
The best project �s C, followed by B, then A [Project A w�ll be rejected because �t has a negat�ve cash 
flow]. Note that these methods gave different results.

�)

��)
���)
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12.6.12 Example 2

Given two projects below, use the B/C ration and NPV to find the best alternative project.

Table 12-2 Selection of alternative project using B/C and NPV methods

Initial Outlay [$] Discounted Cash Flow [$]
Project A 5,000 7,58�
Project B �0,000 �4,07�

Solution

Project Initial Outlay [$] Discounted Cash Flow [$] B/C NPV [$]
Project A 5,000 7,58� �.5� �,58�
Project B �0,000 �4,07� �.� 4,07�
Incremental �5,000 �6,490 �.�0

In conclus�on, Project A performed better based on both B/C and NPV analys�s

12.7 Comparing Alternative Investments

12.7.1 Introduction

A systemat�c evaluat�on of each proposal and then a bas�s for compar�ng the var�ous alternat�ves �s requ�red 
to obtain the best investment. The typical firm is faced with many capital investment opportunities 
each year. Theoretically, the firm should allocate capital for all proposals with expected cash flows that 
prom�se to �ncrease the value of the shareholder’s equ�ty. In real�ty there are many constra�nts that l�m�t 
the firm�s ability to select all the investment opportunities available. These include:

Conflicting proposals
L�m�ted cap�tal resources

12.7.2 Types of Alternatives

In analys�ng �nvestment proposals, �t �s necessary to �dent�fy all alternat�ves and class�fy them as 
follows:

Independent
Dependent
Mutually exclus�ve

An alternative is defined as one option, out of several, for an investment proposal under consideration.

Independent alternat�ves are �nvestment alternat�ves such that when an alternat�ve �s selected from a 
group, the other alternat�ves are not affected by the select�on. The follow�ng are examples of �ndependent 
alternat�ves: 

A�r cond�t�oner, [Cost = $4,000, NPV = $485]
Desktop Computer, [Cost = $3,000, NPV = $�60]
Fork-l�ft Truck, [Cost = $5,000, NPV = $�75]
Photograph�c Equ�pment, [Cost = $6,500, NPV = $-750]

a)
b)

a)
b)
c)

•
•
•
•
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Assuming that the firm has the funds to accept any alternative investments with positive net present 
value, the first three of the above alternatives are acceptable. Notice that the choice of the air-conditioner 
does not affect the other alternat�ves.

Dependent alternat�ves: Some of the select�on of one alternat�ve �s cont�ngent [dependent, cond�t�onal, 
rel�ant, subject] on the select�on of another.

Mutually exclus�ve alternat�ves: Frequently the acceptance of one alternat�ve automat�cally el�m�nates 
all the others.

12.7.3 Comparing Alternatives

The cho�ce of method depends on complex�ty of the data. In general, surveys �nd�cate that the preferred 
methods are IRR and NPV. Although most managers favor the IRR, econom�sts bel�eve that the NPV �s 
the best method.

In evaluat�ng �ndependent project, both the IRR and the NPV methods g�ve the same results. However 
when mutually exclusive projects are compared a conflict can occur between IRR and NPV.

The working capital, different outlays, different timing of cash flows, different lives, all affect choice of 
the best alternat�ve.

12.7.4  Example

A company �s cons�der�ng the purchase of two mach�nes �n next year’s budget. Mach�ne A w�ll cost 
$��5,000 and mach�ne B w�ll cost $�00,000. The forecasted earn�ngs are shown �n Table ��-3:

Table 12-3 Comparison of forecasted earnings of 2 machines

Year 1 2 3 4 5
Mach�ne A [$] 3�,000 34,000 36,000 38,000 40,000
Mach�ne B [$] 30,000 3�,000 3�,000 33,000 34,000

The firm uses the straight-line method of depreciation for 5-year property, its cost of capital is 10%, and 
�ts marg�nal tax rate �s 40%.
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Solution: Using NPV

I12.7 dentification and Quantification of Costs

In estimating the economic costs, some items of the financial costs are to be excluded while other items, 
which are not part of financial costs, are to be included. The underlying principle is that project costs 
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represent the d�fference �n costs between the w�thout-project and the w�th-project s�tuat�ons. Cost �tems 
and the way they are to be treated �n project econom�c analys�s, are as follows:

Sunk Costs. They ex�st �n both w�th-project and w�thout-project s�tuat�ons and thus are not 
additional costs for achieving benefits. They are, therefore, not to be included.
Contingencies. As the economic benefit-cost analysis is to be done in constant (or real) prices, 
the general pr�ce cont�ngenc�es should not be �ncluded.
Work�ng Cap�tal. Only �nventor�es that const�tute real cla�ms on the nat�on’s resources should be 
included in the project economic costs. Others items of working capital reflect loan receipts and 
repayment flows are not to be included.
Transfer payments. Taxes, dut�es and subs�d�es are transfer payments as they transfer command 
over resources from one party (taxpayers and subs�dy rece�vers) to another (the government, 
the tax rece�vers and subs�dy g�vers) w�thout reduc�ng or �ncreas�ng the amount of resources 
ava�lable �n the economy as a whole. Hence, these transfer payments are not econom�c costs. 
However, �n certa�n c�rcumstances when valu�ng the econom�c cost of an �nput or an output, 
taxes are to be �ncluded:

If the government �s correct�ng for external env�ronmental costs by a correct�ng tax to 
reduce the product�on of water, such a transfer payment �s part of the econom�c costs.
The econom�c value of �ncremental outputs w�ll �nclude any tax element �mposed on the 
output, wh�ch �s �ncluded �n the market pr�ce at wh�ch �t sells.

External Costs. Env�ronmental costs ar�s�ng out of a project act�v�ty, such as r�ver water pollut�on 
due to discharge of untreated sewage effluent, is an instance of such costs. It may be necessary 
to �nternal�ze th�s external cost by �nclud�ng all relevant effects and �nvestments l�ke pollut�on 
control equ�pment costs and effects �n the project statement.
Opportun�ty Cost of Water. If, for example, a dr�nk�ng water project uses raw water d�verted from 
agr�culture, the use of th�s water for dr�nk�ng w�ll result �n a loss for farmers. These costs are 
measured as the opportunity cost of water which, in this example, equals the “benefits foregone” 
of the use of that water �n agr�culture.
Deplet�on Prem�um. In water supply projects where the source of water �s ground water and 
the natural rate of recharge or replen�shment of the aqu�fer �s less than �ts consumpt�ve use, the 
phenomenon of depletion occurs. In such cases, significant cost increase may take place as the 
aqu�fer stock depletes; the appropr�ate valuat�on of water has to �nclude a deplet�on prem�um �n 
the econom�c analys�s.
Deprec�at�on. The stream of �nvestment assets �ncludes �n�t�al �nvestments and replacements 
during the project�s life. This stream of expenditure which is included in benefit-cost analysis 
will generally not coincide with the time profile of depreciation and amortization in the financial 
accounts and as such, the latter should not be �ncluded once the former �s �ncluded.

12.8 Identification and Quantification of Benefits

The gross benefit from a new water supply is made up of two parts:

Resource cost sav�ngs on the non-�ncremental water consumed �n sw�tch�ng from alternat�ve 
suppl�es to the new water supply system result�ng from the project; and
The Water Treatment Plant for �ncremental water consumed.

Resource cost sav�ngs are est�mated by mult�ply�ng the quant�ty of water consumed w�thout the project 
(�.e., non-�ncremental quant�ty) by the average econom�c supply pr�ce �n the w�thout-project s�tuat�on.

The WTP for �ncremental suppl�es can be est�mated through a demand curve �nd�cat�ng the d�fferent 
quant�t�es of water demand that could be consumed at d�fferent pr�ce levels between the w�thout-project 
level of demand and the w�th-project level of demand. The econom�c value of �ncremental consumpt�on 
�s the average value der�ved from the curve t�mes the quant�ty of �ncremental water. Where there �s 
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�nadequate data to est�mate a demand curve, a cont�ngent valuat�on methodology can be appl�ed to 
obta�n an est�mate of WTP for �ncremental output.

The gross benefit stream should be adjusted for the economic value of water that is consumed but not 
pa�d for, �.e., sold but not pa�d for (bad debts) and consumed but not sold (non-techn�cal losses). It can 
be assumed that this group of consumers derives, on the average, the same benefit from the water as 
those who pay.

Other benefits of a water supply project P include health benefits. These benefits are due to the provision 
of safe water and are also l�kely to occur prov�ded that the adverse health �mpacts of an �ncreased 
volume of wastewaters can be m�n�m�zed.

12.9 Valuation of Economic Costs and Benefits

The economic costs and benefits must be valued at their economic prices. For this purpose, the market 
pr�ces should be converted �nto the�r econom�c pr�ces to take �nto account the effects of government 
�ntervent�ons and market structures. The econom�c pr�c�ng can be conducted �n two d�fferent currenc�es 
(nat�onal vs. fore�gn currency) and at the two d�fferent pr�ce levels (domest�c vs. world pr�ces).

To remove the market distortions in financial prices of goods and services and to arrive at the economic 
prices, a set of ratios between the economic price value and the financial price value for project inputs 
and outputs are used to convert the constant price financial values of project benefits and costs into 
econom�c values. These are called convers�on factors, wh�ch can be used for groups of typ�cal �tems, 
l�ke energy and water resources.

12.10 Sensitivity and Risk Analysis

12.10.1 Introduction

The financial and economic benefit-cost analysis of water supply projects (WSPs) is based on forecasts 
of quantifiable variables such as demand, costs, water availability and benefits. The values of these 
var�ables are est�mated based on the most probable forecasts, wh�ch cover a long per�od of t�me. The 
values of these variables for the most probable outcome scenario are influenced by a great number of 
factors, and the actual values may d�ffer cons�derably from the forecasted values, depend�ng on future 
developments. It �s therefore useful to cons�der the effects of l�kely changes �n the key var�ables on the 
v�ab�l�ty (EIRR and FIRR) of a project. Perform�ng sens�t�v�ty and r�sk analys�s does th�s. Sens�t�v�ty 
Analysis shows to what extent the viability of a project is influenced by variations in major quantifiable 
variables. Risk Analysis considers the probability that changes in major quantifiable variables will 
actually occur.

The v�ab�l�ty of projects �s evaluated based on a compar�son of �ts �nternal rate of return (FIRR and 
EIRR) to the financial or economic opportunity cost of capital. Alternatively, the project is considered to 
be v�able when the Net Present Value (NPV) �s pos�t�ve, us�ng the selected EOCC or FOCC as d�scount 
rate. Sens�t�v�ty and r�sk analyses, therefore, focus on analyz�ng the effects of changes �n key var�ables 
on the project’s IRR or NPV, the two most w�dely used measures of project worth.

In the econom�c analys�s of WSPs, there are also other aspects of project feas�b�l�ty wh�ch may requ�re 
sens�t�v�ty and r�sk analys�s. These �nclude:

Demand Analys�s: to assess the sens�t�v�ty of the demand forecast to changes �n populat�on 
growth, per cap�ta consumpt�on, water tar�ffs, etc.
Least Cost Analys�s: to ver�fy whether the selected least-cost alternat�ve rema�ns the preferred 
opt�on under adverse cond�t�ons;
Susta�nab�l�ty Analys�s: to assess poss�ble threats to the susta�nab�l�ty of the project.
Distributional Analysis: to analyze whether the project will actually benefit the poor.

�)

��)

���)
�v)



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 12‑15

Sens�t�v�ty and r�sk analyses are part�cularly concerned w�th factors, and comb�nat�ons of factors, that 
may lead to unfavourable consequences. These factors would normally have been identified in the project 
(log�cal) framework as “project r�sks” or “project assumpt�ons”. Sens�t�v�ty analys�s tr�es to est�mate the 
effect on ach�ev�ng project object�ves �f certa�n assumpt�ons do not, or only partly, mater�al�ze. R�sk 
analys�s assesses the actual r�sk that certa�n assumpt�ons do not, or partly, occur.

Table 12-4: Variables in Water Supply Projects

Variables in Water Supply Projects to be considered in Sensitivity Analysis

Poss�ble Key Var�ables Quantifiable Variables Underly�ng Var�ables

Water Demand

Populat�on growth
Ach�eved coverage
Household Consumpt�on
Non Domest�c Consumpt�on
Unaccounted for Water

· Pr�ce Elast�c�ty
· Income Elast�c�ty

Investment Costs
(Econom�c & F�nanc�al)

Water Demand
Construct�on Per�od
Real Pr�ces
Convers�on Factors

O&M Costs

Personnel Costs (wages/No. of staff, etc.)
Cost of Energy
Cost of Ma�ntenance
Efficiency of Utility

F�nanc�al Revenues
Quant�ty of water consumed
Serv�ce level
Income from connect�on fees

· Water Tar�ffs
· UFW (bad debts)

Economic Benefits Water Demand
Resource Costs Sav�ngs · W�ll�ngness to Pay

Cost Recovery Water Tar�ffs
Subs�d�es

Table 12-5: Sensitivity Analysis - Example

Item Change NPV IRR
%

SI
(NPV)

SV
(NPV)

Base Case ��6 �3.7
Investment + �0% - ��� 9.6 �3.3 7.5%
Benefits - �0% -�94 7.8 �6.6 6%
O&M Costs + �0% 68 ��.9 �.3 43.4%
Construct�on 
delays one year -99 �0.8

SI = Sens�t�v�ty Ind�cator, SV = Sw�tch�ng Value

In case of an �ncrease �n �nvestment costs of �0 per cent, the sens�t�v�ty �nd�cator �s �3.3. Th�s means that 
the change of �0 per cent �n the var�able (�nvestment cost) results �n a change of (�3.3 x �0 per cent) = 
�66 per cent �n the ENPV. It follows that the h�gher the SI, the more sens�t�ve NPV �s to change �n the 
concerned var�able.
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In the same example, the sw�tch�ng value �s 7.5 per cent wh�ch �s the rec�procal value of the SI x �00. 
Th�s means that a change (�ncrease) of 7.5 per cent �n the key var�able (�nvestment cost) w�ll cause the 
ENPV to become zero. The lower the SV, the more sens�t�ve NPV �s to change �n the var�able concerned 
and the h�gher the r�sk w�th the project.

At th�s po�nt the results of the sens�t�v�ty analys�s should be rev�ewed. It should be asked: (I) wh�ch are 
the var�ables w�th h�gh sens�t�v�ty �nd�cators; and (��) how l�kely are the (adverse) changes (as �nd�cated 
by the switching value) in the values of the variables that would alter the project decision?

12.11.2  Measuring the Risk of a Project

When there is uncertainty about the returns of a project, several cash flows may be forecasted, of for each 
probable outcome. The expected cash flow and its variance are calculated using the traditional formulas 
of expected value and standard dev�at�on of probab�l�ty d�str�but�ons from mathemat�cal stat�st�cs.

The expected value of cash flow is obtained from:

      
Equation 12‑11

Where CF is a forecasted cash flow, P is its probability, and n is the number of forecasts.

The standard deviation of the expected cash flow is computed from:

      
Equation 12‑12

The standard deviation is the weighted average of the variance of the forecasted cash flows from the 
mean or expected cash flow. It is used to measure the relative risk of the project.

When the expected cash flows of the alternatives being compared are significantly different, a more 
precise measure of relative risk is the coefficient of variation, obtained as follows:

Equation 12‑13
The higher the coefficient of variation, the higher the risk of the project

12.11.3 Project NPV

Once the expected cash flow of a set of outcomes has been calculated, the NPV of the project can be 
determ�ned, us�ng the follow�ng:

    Equation 12‑14
Where � �s the cost of cap�tal adjusted for r�sk.

The most frequently used method to adjust�ng for r�sk �s to add a prem�um to the cost of cap�tal.

      Equation 12‑15

Where (�+r) �s the r�sk –adjusted d�scount rate.
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12.11.4  Decision Tree Analysis

Th�s method �nvolves �dent�fy�ng the poss�ble outcomes of two or more alternat�ves �n sequence, where 
one act�v�ty makes �t poss�ble for a set of outcomes to occur subject to a probab�l�ty d�str�but�on. The 
objective is to find the expected value of all probable outcomes.

12.11.5 Example

A company plans to �ntroduce two new products next year, each hav�ng a net cap�tal outlay of 
$1,000,000. Market research indicates that the cash flows of the products will be influenced by the 
state of the economy. Based on econom�c project�ons, four poss�ble levels of econom�c growth 
and the�r assoc�ated probab�l�t�es are forecasted for the next 3 years. G�ven these probab�l�t�es of 
the state of the economy, the firm has forecasted annual cash flows for each product as follows:

Calculate each product�s expected cash flow and its variance.

Solution

The expected cash flow is $470,000 for both products, the standard deviation is $152,000 for A and 
$67,�00 for B. Product A has a relat�vely h�gher r�sk than product B.

Cons�der the follow�ng two projects. Small Plant costs $�,�00,000 and the b�g plant costs 
$3,000,000.

Draw a dec�s�on tree d�agram.
Calculate the expected NPV of each alternat�ve.
What is the relative risk of the two investments?

�.

�.

a)
b)
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Solution

12.11.6 Example of Risks and Assumptions

In water supply projects, assumpt�ons could �nclude:

T�mely ava�lab�l�ty of land for construct�on of water �ntake;
T�mely d�sbursement of funds;
Stable pol�t�cal s�tuat�on;
T�mely complet�on of the dam; and
Regular adjustment of water tar�ffs.

In terms of r�sks, these assumpt�ons would be formulated as follows:

Land not t�mely ava�lable for construct�on;
Funds not t�mely d�sbursed;
Pol�t�cal �nstab�l�ty;
Dam not ready �n t�me;
Water tar�ffs not regularly adjusted.

12.11.7  Sustainability and Pricing

Economic viability of a water supply project (WSP) depends on its financial viability, i.e., sustainability 
of the project�s financial returns. The economic analysis of projects should include an analysis of the 
financial viability of project agencies and environmental sustainability of project inputs and outputs.

There are other d�mens�ons of susta�nab�l�ty are �nst�tut�onal susta�nab�l�ty and techn�cal susta�nab�l�ty. 
With regard to institutional sustainability, the financial impact of the project on the concerned institutions 
needs to be evaluated and the quest�on to be asked �s whether or not these �nst�tut�ons are able to 
pay the financial subsidies that may be needed for the WSP to survive. Economic analysis may also 
suggest institutional changes or policy measures needed to sustain the financial and economic benefits 
generated by the project. Techn�cal susta�nab�l�ty �s looked after as part of the analys�s of alternat�ves 
and determ�nat�on of the least-cost opt�on, wh�ch �s done �n the early project preparat�on or feas�b�l�ty 
stage.
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12.11.8 Distribution Analysis and Impact on Poverty

Water supply prov�s�on, espec�ally �n the rural areas and shantytowns �n urban areas, �s cons�dered to be 
�mportant for poverty reduct�on. The poverty-reduc�ng �mpact of a project �s determ�ned by evaluat�ng 
the expected distribution of net economic benefits to different groups such as consumers and suppliers, 
�nclud�ng labour and the government.

Table 12-6: Sample Output from Financial Analysis
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12. 11 Project Financing Methods

12. 11.1 Introduction

Common financing methods are: capital budgeting, loans, shares and bonds.

12. 11.2 Capital Budgeting [Capital Rationing]

When multiple proposals have passed the ranking process, the firm must decide which projects can be 
accepted w�th the ava�lable funds �n �ts cap�tal budget. Cap�tal rat�on�ng �s the process �nvolved w�th the 
select�on of projects where there are l�m�ts to the ava�lable cap�tal for �nvestments �n a g�ven per�od.
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12. 11.3  NPV Approach to Capital Rationing

NPV �s frequently used as a cr�ter�on to rank projects compet�ng for the ava�lable funds under cond�t�ons 
of cap�tal rat�on�ng. Project w�th the h�ghest NPV are accepted �n descend�ng order unt�l the ava�lable 
funds are used up.Cons�der the project below:

Table 12-7 Example on NPV Approach to Capital Rationing

Cost [$] NPV [$] Rank
Project D �50,000 30,000 �
Project E 300,000 �5,000 �
Project B �50,000 �0,000 3
Project C �00,000 �5,000 4
Project A �00,000 �0,000 5
TOTAL 1,000,000 100,000

If the capital budget of the firm is equal to the amounts shown below, the following combinations of 
projects would be accepted based on the NPV criterion. All things being equal, the firm will select all 
projects that can be included in the budget, provided the firm�s objective is met: in this case to maximise 
the total NPV of the projects �n the proposed cap�tal budget.

Solution

Budget [$] Projects Total NPV [$]
�,000,000 D,E,B,C,A �00,000
900,000 D,E,B,C 90,000
800,000 D,E,B,A 85,000
600,000 D,B,C 65,000
400,000 D,B 50,000
300,000 D [or A & C] 30,000

12. 11.4 Profitability Index Approach

When the investment costs of projects differ significantly, the profitability index [PI] is the best 
rank�ng cr�ter�on, because �t measures each project’s return per dollar �nvested. Us�ng th�s approach 
under cap�tal rat�on�ng the object�ve �s to select those projects wh�ch �n comb�nat�on have the h�ghest 
weighted profitability index. Consider again the five projects from the proceeding example, ranked by 
their profitability index.

Table 12‑8 Example on Profitability Index Approach

Cost [$] PI Rank
Project B �50,000 �.�33 �
Project D �50,000 �.��0 �
Project A �00,000 �.�00 3
Project E 300,000 �.083 4
Project C �00,000 �.075 5
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Assuming again that the capital budget of the firm is limited to one of the amounts shown below, the 
acceptable comb�nat�ons of projects, us�ng the PI cr�ter�on, are as follows:

Solution

Budget [$] Projects Weighted PI
�,000,000 B, D, A, E, C �.�00
900,000 B, D, A, E �.�06
800,000 B, D, A, E �.�06
600,000 B, D, C �.�08
400,000 D, B �.��5
300,000 A, B [or D] �.��0

The we�ghted PI of a group of projects �s computed by d�v�d�ng the sum of the present values of the 
projects �n that group by the sum of the�r �nvestment costs. The group of projects hav�ng the h�ghest 
weighted PI that can be purchased with a given capital budget is selected by the firm, all other things 
be�ng equal. Not�ce that the opt�mal comb�nat�on of projects leaves a cap�tal surplus when the cap�tal 
budget �s e�ther $900,000 or $300,000.

12. 11.5  IRR Approach to Capital Rationing

All projects whose rate of return, IRR, is greater or equal to the firm�s minimum acceptable rate of return 
[MARR], subject to the ava�lable funds.

12. 11.5 External Capital Rationing

Periodically, business firms finance their capital requirements by obtaining funds externally through 
loans, stocks and bonds. These will tend to demand a higher return from the firm because of the perceived 
h�gher r�sk assoc�ated w�th larger amounts of cap�tal �nvestment.

12. 11.6 Linear Programming for Capital Rationing

L�near programm�ng �s a w�dely used techn�que to max�m�ze or m�n�m�ze a l�near funct�on subject to 
l�near constra�nts. The general form of a l�near programm�ng model cons�sts of an object�ve funct�on and 
a number of equat�ons or constra�nts as follows: 

Maximize         Equation 12‑16

Subject to: 

When used in capital budgeting, the objective function is specified to maximize the desired objective 
of the firm, such as the net present value. The constraints [Bs] may include the available capital, space, 
t�me, and other l�m�ted resources. The Xs are the dec�s�on var�ables, �.e., projects whose values are 
determ�ned when the l�near programm�ng model �s solved. The constants �n the object�ve funct�on, Cs, 
are the NPVs of each project under consideration. The other constraints are the coefficients that specify 
the l�m�ts of ava�lable resources w�th respect to each project. When the model �s solved, the opt�mum 
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solut�on �nd�cates wh�ch projects, Xs, must be �ncluded �n the budget to max�m�ze the des�red object�ve. 
You can use graph�cal methods or Ms Excel solver to solve these l�near equat�ons.

12.12 Compounding, Discounting and Economic Equivalence

12.12.1   Definitions

Econom�cs �s the soc�al sc�ence concerned w�th the product�on, consumpt�on and d�str�but�on of goods 
and serv�ces [Webster, �003]. The study of econom�c can take two perspect�ves: macroeconom�cs and 
m�croeconom�cs.

Macroeconomics is concerned with the economy as a whole: national income, employments, flow of 
money, �nvestments, etc.

M�croeconom�cs on the other hand �s concerned w�th the study of small segments of the economy such 
as, firms [supply] and individual consumers [demand]. Firms are interested in maximizing profit or net 
revenue [revenue-cost] while individuals are interested in maximizing utility [net benefit].

Eng�neer�ng econom�cs employs econom�c theory, mathemat�cal programm�ng, and stat�st�cal analys�s 
to formulate and solve problems concern�ng w�th the evaluat�on and select�on of cap�tal projects at 
enterpr�se level.

12.12.2 Time Value of Money

Because money can earn �nterest dur�ng the t�me �t �s �nvested, a future return �s worth less at the present 
t�me. Conversely, an amount of dollars �nvested now w�ll be worth more when the pr�nc�pal and �ts 
accumulated �nterest are rece�ved n years from now. Th�s relat�onsh�p between �nterest rate and the value 
of money over t�me �s the bas�s of two fundamental concepts �n eng�neer�ng economy: compound�ng 
and d�scount�ng.

12.12.3 Simple Interest

Interest �s assessed only on �n�t�al pr�nc�pal. Th�s concept �s not frequently used �n project evaluat�on.

   Equation 12‑17
Where:   F = future value of the �nvestment
  P = present value of the �nvestment
  � = annual �nterest rate
  n = number of �nterest per�ods per year.

12.13 Compound Interest

12.13.1  Introduction

The relat�onsh�p between the future value of the �nvestment and the present value of �nvestment can be 
g�ven by:

    Equation 12‑18

12.13.2  Nominal and Effective Interest Rates

Because the formula for compound�ng �s usually based on an �nterest per�od of one year, th�s annual 
�nterest rate of compound�ng �s called the nominal rate of �nterest. When the compound�ng per�od �s 
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less than a year, the actual or effective �nterest �s greater than the nom�nal rate due to the more frequent 
compound�ng. The follow�ng formula �s used to calculate the effect�ve rate of �nterest (�e):

       Equation 12‑19
Where: �  = Nom�nal �nterest rate per year
 m = Number of �nterest per�ods per year.

Per�od Interest rate

     
Equation 12‑20

The per�od over wh�ch the compound�ng takes place must match the per�od for wh�ch rate �s 
calculated.

12.13.3  Quarterly Compounding

If the annual �nterest rate �s say �0% and compound�ng occurs quarterly, the effect�ve annual �nterest 
rate �s:

      
Equation 12‑21

12.13.4 Monthly Compounding

If the annual �nterest rate �s say �0% and compound�ng occurs monthly, the effect�ve annual �nterest 
rate �s: 

   
Equation 12‑22

12.13.5 Daily Compounding

If the annual �nterest rate �s say �0% and compound�ng occurs da�ly, the effect�ve annual �nterest 
rate �s:

    
Equation 12‑23

12.13.6 Continuous Compounding

When interest is compounded continuously, i.e. an infinite number of times per year, the annual rate of 
cont�nuous compound�ng �s: 

      Equation 12‑24
Where   e  = base of natural logar�thm [�.7�8�…]
  r  = annual �nterest rate
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12.13.7 Discounting

If the future value of an �nvestment [or payment] �s known, we can der�ve �ts present value, g�ven an 
�nterest rate and the number of compound�ng per�ods by solv�ng for P.

     
Equation 12‑25

The process used �n convert�ng the future value to �ts present value �s called d�scount�ng.

12.13.8 Interest Rate Formulas

The follow�ng assumpt�ons made �n eng�neer�ng economy stud�es: Cap�tal expend�ture occurs at the 
beg�nn�ng of the year and costs are pa�d or �ncome �s rece�ved at the end of the year. 

The following symbols and their definitions will be applied:

P  = Present value of an amount of money
�  = annual �nterest rate
n  = number of annual �nterest per�ods
F  = Future value at the end of the per�ods
A  = Annual amount, �n a ser�es of equal payments or rece�pts, made at the end of  

 each year.

12.13.9 Single Payment Compound Amount Factor

When an amount of money P �s �nvested at a g�ven �nterest rate � for n years, the future value of the 
�nvestment �s g�ven by:

    Equation 12‑26
Graph�cally, �t can be seen that the present value �s an outlay and �t �s represented by a downward arrow 
at time zero, 0, while, its future value is an inflow represented by an upward arrow.

The amount �n brackets, wh�ch �s used to mult�ply P �n order to der�ve F, �s called the compound interest 
factor for single payment [F/P] It �s usually des�gnated [F/P, �, n].

Figure 12-1 Single Payment and Future Value 

12.13.10 Single Payment Present Worth Factor

When the future value of the �nvestment F �s known, the amount of money P to be �nvested at a g�ven 
�nterest rate � for n years �s g�ven by:

    
Equation 12‑27
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The amount �n brackets, wh�ch �s used to mult�ply F �n order to der�ve P, �s called the present worth 
factor for single payment [P/F] It �s usually des�gnated [P/F, �, n].

12.13.11 Uniform Series Present Worth Factor

It �s often requ�red to know the present value of a ser�es of equal payments [or rece�pts] over a number 
of years at a g�ven rate of �nterest. Such a ser�es �s known as an annu�ty.

Figure 12-2 Present Value of Uniform Series

     Equation 12‑28

The amount �n brackets �s called the present worth factor for uniform series [P/A] It �s usually des�gnated 
[P/A, �, n].

12.13.12 Uniform Series Capital Recovery Factor

This is used to find the annual receipts [annuity] that will be generated in the future over the life of the 
�nvestment at a g�ven rate of �nterest.

 
Equation 12‑29

The amount �n brackets �s called the capital recovery factor [A/P] It �s usually des�gnated [A/P, �, n].

Figure 12-3 Uniform Series of Preset Value

12.13.13 Uniform Series Compound Amount Factor

The amount of future cap�tal �nvestment ach�eved by sett�ng as�de each year a certa�n amount of sav�ngs 
wh�ch over t�me accumulate to the requ�red amount.

    Equation 12‑30
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Figure 12-4 Uniform Series of Future Value

The amount �n brackets �s called the uniform series compound amount factor [F/A] It �s usually des�gnated 
[F/A, �, n].

12.13.14 Uniform Series Sinking Fund Factor

When the future cap�tal expend�tures for a certa�n act�v�ty or project are known, the requ�red amount to 
be �nvested annually at a g�ven �nterest rate must be determ�ned.

   
Equation 12‑31

The amount �n brackets �s called the sinking fund factor for uniform series [A/F] It �s usually des�gnated 
[A/F, �, n].

12.13.15 Uniform Gradient Series

When an �nvestment generates a un�form ser�es of e�ther �ncreas�ng or decreas�ng payments by a constant 
amount, rather than d�scount each payment separately, the equ�valent payment of the ser�es �s computed 
and then d�scounted us�ng the un�form ser�es compound factor.

Figure 12-5 Uniform Gradient Series
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The equivalent cash flows is obtained from the equation

 Equation 12‑32

Where G = the constant amount of change or grad�ent per per�od.

The amount �n brackets �s called the uniform gradient series factor [A/G] It �s usually des�gnated [A/G, 
�, n].

12.13.16  Geometric Gradient Series

The annual payments of certa�n �nvestments may �ncrease [or decrease] by a constant percentage rate 
over the t�me hor�zon of the �nvestment as shown �n F�gure ��-6. In th�s case, the present value of a 
geometr�c grad�ent ser�es �s obta�ned by the follow�ng formula:

    Equation 12‑33

Where  g  = annual rate of growth [or decl�ne] of payment
  �* = adjusted �nterest rate

            
Equation 12‑34

The amount �n brackets �s called the geometric gradient series factor [P/A].

     
Equation 12‑35

Figure 12-6 Geometric Gradient Series
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12.13.17 Economic Equivalence

G�ven an �nterest rate, econom�c equ�valence �nvolves the convers�on of amounts of money occurr�ng at 
d�fferent t�me per�ods to an equ�valent amount.

Example

A person �nher�ts $�0,000 and �nvests �t �n a bank account that guarantees to pay 9% �nterest for 3 years. 
Calculate the future value of th�s �nvestment, �f �nterest �s compounded: (a) annually; (b) quarterly; (c) 
da�ly; (d) cont�nuously.

Solution:

a) Annually

(b) Quarterly

(c) Da�ly

(d) Cont�nuously

[Tables are frequently used instead of these formulae]

12.14 Cash Flow Analysis and Inflation

12.14.1  Introduction

The justification of a capital project requires a comparison of the cost outlays and the cash inflows over 
its useful life. Cash flow analysis involves the determination of the magnitude and timing of the annual 
cash flow of a project based on estimated costs and forecasted sales of the product or service being 
generated.

12.14.2  Economic Modeling

Eng�neer�ng economy stud�es focus on the select�on of the best among two or more alternat�ves. Although 
there are many approaches used to determ�ne the best �nvestment, eng�neer�ng econom�c analys�s always 
�nvolves the solut�on of an equat�on or model where all but one of the var�ables �s known. An example of 
an econom�c model �n eng�neer�ng economy �s the annual payment present worth factor formula

      Equation 12‑36
Where, g�ven A, �, and n, the present worth, P, of an �nvestment �s computed. The challenge fac�ng the 
dec�s�on maker, therefore, �s the est�mat�on of the �ndependent var�ables of annual returns [A], �nterest 
rate [�], and the l�fe of the �nvestment, however must be forecasted based on stat�st�cal data or other 
�nformat�on [Cass�mat�s, �99�].
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12.14.3 Estimating the Life of an Investment

The useful l�fe of an �nvestment may be est�mated from:

h�stor�cal data or exper�ence of the company for s�m�lar �nvestments
technolog�cal forecast�ng [e.g., obsolescence of current products or processes], and
Market research by forecast�ng changes �n demand for products and serv�ces �n the future. An 
expected decl�ne �n demand for product X w�ll shorten the useful l�fe of an �nvestment �n th�s 
product.

12.14.4 The Interest Rate

The rate of interest, i, is established by the company�s finance department. It represents the “cost of 
capital” of the firm. It is usually defined as the minimum annual rate of return [MARR] that a company 
must earn on an �nvestment.

12.14.5 Cash Flow

Cash flow is the figure obtained after all annual costs, taxes, [but before depreciation] have been deducted 
from sales revenues.

Table 12-9 Cash Flow Analysis of a Project

Th�s can be expressed as:

      Equation 12‑37
Where  E = earn�ngs [sales – costs]
 D = deprec�at�on
 T = �ncome tax rate.

12.14.6  Inflation and Its Measurement

When estimating cash flows for a project, the analyst must take into account the impact of inflation on 
the sales and operating costs which the cash flows are derived. Inflation is a term used to describe the 
rising level of prices in the economy over time. Inflation impacts sales, costs, and interest rates. There 
are many indexes for inflation, but the most commonly used in economic analyses are the implicit 
deflator of the Gross National Product [GNP], the Producer Price Index [PPI] and the Consumer Price 
Index [CPI].

CPI is designed to measure only changes in prices for a fixed market basket of goods and services 
purchased by selected representative groups of consumers. This figure is compiled and is available on 
nat�onal and reg�onal bas�s from the Nat�onal Bureau of Stat�st�cs. It �s reported monthly and annually.

a)
b)
c)
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12.14.7 Inflation and its Impact of Cash Flows

When discounting cash flows, the interest rate is usually stated in nominal terms. Therefore cash flows 
should be estimated in future current dollars, reflecting the rising trend in prices and costs embodied in 
the forecasted vales of sales and operat�ng costs. The alternat�ve �s to use constant dollars.

It is important to take anticipated inflation into account when estimating the expected cash flows of 
an investment. The appropriate index of inflation should be used to adjust future sales and costs from 
which the cash flows are derived. In general, the CPI is the best index for sales and cost data that occur 
at retail level [Cassimatis, 1992]. The PPI measures inflation of costs and sales at the primary market 
level of activity. The GNP implicit price deflator is the best index from an overall measure of inflation 
at the nat�onal level.

When the cash flows are in constant dollars, consistency requires that the interest rate be in real terms. 
Nom�nal �nterest can be converted �nto real terms as follows:

      Equation 12‑38
Where  �R = �nterest rate �n real terms
 �  = nom�nal �nterest rate
 p  = annual rate of inflation

When p �s small �R �s approx�mately equal to �-p. In pract�ce, �t �s ne�ther conven�ent nor advantageous 
to use constant dollars in cash flow analysis, because the present value of the cash flow in both cases 
w�ll be the same.

Example

In Table ��-9 ��-9, �t was assumed that the expected sales and costs of a project would be $�00,000 and 
$80,000, respectively, per year, without considering inflation. Suppose that the expected annual rate of 
inflation will be 5% per year in the next 5 years, and the inflation rate will be the same for both sales 
and costs.

Table 12‑10 Cash Flow Analysis in Current Dollars [Inflation Rate: 5% p.a.].

Table 12‑11 Cash Flow Analysis in Constant Dollars [Interest Rate = 10%; Inflation Rate: 5% 
p.a.].
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12.15 Depreciation and Taxation

12.15.1 Introduction

Cap�tal projects usually �nclude such assets as mach�nery, equ�pment, and bu�ld�ngs, wh�ch have 
relat�vely long l�ves. When the asset �s purchased, �ts costs treated as an outlay, but under current tax 
laws, the firm is permitted to deduct a depreciation allowance from the income it generates each year 
dur�ng �ts deprec�able l�fe, thereby �ncreas�ng �t’s after tax �ncome.

A cap�tal asset, such as a plant or a p�ece of equ�pment, losses �ts �n�t�al value over t�me due to:

phys�cal deter�orat�on [wear and tear];
funct�onal deprec�at�on, 
technology obsolescence [technolog�cal deprec�at�on], or 
Deplet�on.

12.15.2 Definitions

Deprec�at�on [or deprec�at�on expense] refers to the per�od�c allocat�on of the cost of a tang�ble long-
term asset over �ts useful l�fe.
Obsolescence: �s the process of becom�ng out of date.
Res�due value [salvage value or d�sposal value]: the est�mated net scrap, salvage, or trade-�n value of a 
tang�ble asset at the est�mated date of �ts d�sposal.
Deprec�able cost: the cost of an asset less res�dual value

12.16 Depreciation Methods

12.16.1 Introduction 

The trad�t�onal methods of deprec�at�on are: 

stra�ght-l�ne;
un�ts-of-product�on method; 
decl�n�ng balance method; 
sum-of-the-years-d�g�ts; 
s�nk�ng fund method or; and
 a var�at�on of these.

12.16.2 Straight Line Depreciation

When the stra�ght-l�ne method �s used to allocate deprec�at�on, the deprec�able cost of the asset �s spread 
evenly over the l�fe of the asset. The annual amount of deprec�at�on �s computed by d�v�d�ng the �n�t�al 
cost of the asset by the number of years of �ts est�mated l�fe:

   
Equation 12‑39

Where Co is the cost of the asset and N is its life in years.
If salvage value S is expected then the annual amount of depreciation is computed as follows:

     Equation 12‑40
Under th�s method, the annual rate of deprec�at�on �s constant.

a)
b)
c)
d)

a)
b)
c)
d)
e)
f)
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12.16.3 Units-of-Production Method

Th�s method �s based on the assumpt�on that deprec�at�on �s solely the result of use and that the passage 
of t�me plays no role �n the deprec�at�on process.

12.16.4 Declining Balance Method of Depreciation 

Th�s method �s also called reduc�ng balance method, d�m�n�sh�ng value method. Th�s method �s des�gned 
to allow larger amounts of deprec�at�on �n the earl�er years and smaller amounts �n the later years of the 
asset’s l�fe. G�ven a rate of deprec�at�on d expressed �n percentage terms, the deprec�at�on �n year t �s 
obta�ned as:

    Equation 12‑41
Where B = �s the book value of the asset. 

When the rate of deprec�at�on used �s double the rate under stra�ght l�ne, the method �s known as the 
double-declining-balance method of deprec�at�on. In th�s case, the constant deprec�at�on rate �s:

    
Equation 12‑42

And the amount of deprec�at�on �n any year �s obta�ned from

    
Equation 12‑43

Another approach to accelerated deprec�at�on �s the double-declining balance switching to straight-line 
method. The switch is justified when the straight-line depreciation in a certain year is greater that the 
decl�n�ng-balance method.

    
Equation 12‑44

A rule of thumb used �n determ�n�ng the year to sw�tch �s based on the formula:

    Equation 12‑45
For a 5-year asset, the sw�tch occurs �n year 4, �.e., (5/�) +� = 3.5 rounded to 4. For a �0 year asset, the 
year to sw�tch �s year 6: (�0/�) +� = 6.

12.16.5 Sum-of-the-Years-Digits Method

The rate of deprec�at�on �n th�s method progress�vely decreases over the l�fe of the �nvestment.

    
Equation 12‑46

Where dt �s the annual rate of deprec�at�on �n year t. For example, a 3-year asset’s deprec�at�on rates 
would be computed as follows. Sum-of-the-year’s d�g�ts: �+�+3 = 6. Annual deprec�at�on rate: 3/6 for 
the first year, 2/6 for the second year, 1/6 for the third year. The amount of annual depreciation in year 
t �s g�ven by:

  Equation 12‑47



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 12‑35

Th�s method of deprec�at�on �s sa�d to approx�mate more closely the actual decl�ne �n the value of certa�n 
assets over t�me than stra�ght-l�ne deprec�at�on.

12.16.6 Effect of Different Depreciation Methods on Cash Flow

The method that yields the greatest present value of cash flows for a given period should be used. 
Accelerated depreciation tends to reduce taxes in the early years, thereby increasing the cash flows in 
those years. For this reason firms, generally, prefer using the accelerated method of depreciation.

12.16.7 Example

Suppos�ng a del�very truck cost $�0,000 and has an est�mated res�dual value of $�,000 at the end of �ts 
estimated useful life of five years. What is the depreciation each year of this asset using the:

Stra�ght l�ne deprec�at�on. 
Assume that the truck used �0,000 km for the �st year, 30,000 km for the second year, �0,000 for 
the th�rd, �0,000 km for the fourth, and �0,000 for the 5h year. Calculate the annual deprec�at�on 
us�ng the un�ts-of product�on method.
 use sum-of-d�g�t method
Use decl�n�ng balance method

Solution

a) Straight Line Method

b) Units – of - Production

c) Sum–of–digits Method

a)
b)

c)
d)
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c) Declining Balance Method using 1.5 x straight line rate
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13.1 General

The des�gn of a water supply scheme �nvolves preparat�on and presentat�on of among others des�gn 
reports. The reports serve the follow�ng ma�n funct�ons:

To record and present all �nformat�on concern�ng a project �n a clear and conc�se manner for future 
reference, and for the �nformat�on of planners and others part�es �nterested �n the project.
To present the bas�c data, �nformat�on, des�gn cr�ter�a, assumpt�ons and conclus�ons regard�ng 
the project, to enable planners and other part�es �nterested �n the project, to make appropr�ate 
dec�s�ons and superv�se the �mplementat�on of the project.

13.2 Reporting Stages

13.2.1 Introduction

The form and content of a des�gn report w�ll largely, depend on the nature and complex�ty and s�ze of 
the project. Large and complex projects requ�re report�ng dur�ng the des�gn stages:

Incept�on Report
Feas�b�l�ty Study Report
Prel�m�nary Des�gn Report
Deta�led Des�gn Report
Tender documents
Eng�neer’s Est�mate

For small and uncomplicated schemes, one detailed design report may be sufficient. The contents of 
each report are presented separately �n th�s sect�on, and should be adjusted to su�te the requ�rements for 
a part�cular project.

13.2.2 Inception Report

The Incept�on report presents the follow�ng:

the mob�l�zat�on and establ�shment status of the Consultant; 
the specific staffing plan; 
the updated work plan the Consultant proposes to follow �n carry�ng out the ass�gnment, based 
on the Consultants initial findings;
Rev�ew of Methodology;
deta�ls of any constra�nts or �nputs requ�red from the employer; and 
such remarks as are deemed appropr�ate �nclud�ng the works done so far.

The Consultant shall carry out a comprehens�ve l�terature rev�ew �mmed�ately after s�gn�ng the contract 
and will present his/her findings in the inception report. Literature review shall cover scholarly articles, 
books and other sources (e.g. d�ssertat�ons, conference proceed�ngs, pol�cy statements, manuals, 
procedures, strategy papers, and ex�st�ng laws) relevant to des�gn/construct�on and related areas of 
research, or theory. The Consultant shall then prov�de a descr�pt�on, summary, and cr�t�cal evaluat�on of 
each work. The purpose of the literature review is to offer an overview of significant literature published 
on the top�c/project.

�)

��)

�)
��)
���)
�v)
v)
v�)

�)
��)
���)

�v)
v)
v�)

DESIGN REPORTS

Chapter 13
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13.2.3 Feasibility Study Report

A feasibility Study (economic and conceptual design) is a requirement after the project identification 
process. There are usually a number of alternat�ve techn�cal solut�ons to be cons�dered from wh�ch the 
most econom�cally v�able alternat�ve �s determ�ned. Dur�ng the feas�b�l�ty study �t �s establ�shed whether 
for the best alternat�ve solut�on chosen:-

the project conforms w�th the country’s development object�ves and pr�or�t�es 
the relevant pol�cy framework �s compat�ble w�th the ach�evement of the projects’ object�ves;
the project �s techn�cally sound and that �t �s the best of the ava�lable techn�cal alternat�ves;
the project �s adm�n�strat�vely workable;
there �s adequate demand for the projects output;
the project is economically justified and financially viable;
the project is compatible with the customs and traditions of the beneficiaries; 
the project �s env�ronmentally (ecolog�cally and soc�ally) sound; and that
the project �s compat�ble w�th urban/reg�onal master plans.

Th�s feas�b�l�ty study report should �nclude:

General arrangement and layout of proposed project;
Performance character�st�cs of the proposed project elements and components; 
Prel�m�nary cost est�mates based on l�fe cycle approach;
Plan for phased �mplementat�on;
Implementat�on schedule;
Env�ronmental, soc�o-econom�c �mpact of the proposed development; and
Recommendat�on of the best alternat�ves for deta�led des�gn.

13.2.4 Preliminary Design Report

The consultant shall prepare and subm�t a report on prel�m�nary des�gn to the cl�ent for approval, wh�ch 
shall conta�n the project des�gn br�ef and outl�ne des�gn draw�ngs.

The report shall also �nclude:

A geotechn�cal report;
An Env�ronmental and Soc�al Impact Assessment Report; and
Topograph�c And Cadastral Survey Report.

A geotechn�cal report may be requ�red. Th�s report shall present: 

the so�l cond�t�ons and character�st�cs of the s�te;
Field test results: the geology of the area and field investigations: drilling bore holes, standard 
penetrat�on tests, und�sturbed samples, determ�nat�on of ground water results;
Laboratory tests: sieve analysis, Atterberg limits, moisture content, shear strength, specific 
grav�ty, consol�dat�on, chlor�des, sulphates, PH values, CBR, etc;

An Env�ronmental and Soc�al Impact Assessment Report w�ll be requ�red. The report shall summar�ze:

the effect of the project �nvestment on the env�ronment and recommend appropr�ate solut�ons to 
forestall any d�sagreeable effects result�ng from the �nvestment;
the pos�t�ve and negat�ve �mpacts of the project;
Env�ronmental Management Plan to m�t�gate adverse env�ronmental effects that that project 
may have;
community�s role in the project in so far as the project influences their lives, especially for 
women, children and the elderly, and quantify the benefits which would accrue to them during 

�)
��)
���)
�v)
v)
v�)
v��)
v���)
�x)

�)
��)
���)
�v)
v)
v�)
v��)

�)
��)
���)

�)
��)

���)

�)

��)
���)

�v)
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and after the construct�on of the project; and
Approval from the Nat�onal Env�ronmental Management Author�ty.

Topograph�c And Cadastral Survey Report may be requ�red. Th�s report w�ll:

confirm the boundaries of the plot; 
s�ze of the plot; 
existing ground profiles; 
pos�t�on of ex�st�ng bu�ld�ngs and features and the locat�on of ex�st�ng serv�ces; and 
Where adjustments to the boundar�es are found necessary, the Consultant shall recommend the 
appropr�ate act�on.

13.2.5 Detailed Design Report

Th�s report shall �nclude deta�led Eng�neer�ng Report on all �nvest�gat�ons, techn�cal, econom�c, 
env�ronmental and soc�al �nvest�gat�ons, structural des�gn and calculat�ons.

The deta�led des�gns would be expected to �nclude: 

Stat�st�cal analys�s of data collected for the populat�on and demand project�ons, hydrolog�cal 
data and hydrogeolog�cal, meteorolog�cal data etc; 
Least cost lay-outs for d�fferent components of the project, �.e. treatment plants, hydraul�c and 
structural works; 
Structural and stab�l�ty computat�ons of d�fferent structures; 
Calculat�ons for pumps, motors, power generators and other mach�nery and equ�pment; 
Eng�neer�ng analys�s for dec�d�ng the most econom�c s�ze of del�very ma�ns; and 
Hydraul�c computat�ons for the d�str�but�on system. 

Deta�led Draw�ngs would �nclude: 

Index plan show�ng overall layout of project; 
Schemat�c d�agram show�ng levels of sal�ent components of the project (may not necessar�ly be 
to scale) ; 
Deta�led plans and sect�ons �n scale for the headwords, treatment plants, clear water storage tank, 
pump�ng stat�on, etc., �n a scale � :�0 to �: �00 depend�ng on the deta�ls and s�ze of work; 
Deta�led structural plans for structures, �ntake treatment plant, clear water reservo�r etc., �n a 
scale of �: �0; 
Index plan of the. d�str�but�on system normally �n an appropr�ate scale; 
Long�tud�nal sect�ons of the del�very ma�n and deta�ls of appurtenances �n scales;
Hor�zontal scale �: 500 to �: 5000 depend�ng on d�stance and deta�ls 
Vert�cal scale �:�0 to �:�00 depend�ng on the terra�n surface undulat�ons. 

13.2.6 Tender Documents

Tender documents form the bas�s on wh�ch a c�v�l eng�neer�ng Contractor w�ll prepare h�s tender and 
carry out and complete the contract works. These documents should deta�l all the requ�rements of the 
project �n a comprehens�ve and unamb�guous way. These documents also �dent�fy all the r�ghts and 
dut�es of the ma�n part�es to the contract. Collect�vely they const�tute a b�nd�ng contract, where by the 
contractor undertakes to construct works �n accordance w�th the deta�ls suppl�ed by the Eng�neer and 
the Employer agrees to pay the Contractor �n stages dur�ng the execut�on of the works �n the manner 
prescr�bed �n the contract.

The tender documents should be based on the standard PPDA documents Vol � – 4 and FIDIC for 
contracts and, w�ll �nclude: 

v)

�)
��)
���)
�v)
v)

�)

��)

���)
�v)
v)
v�)

�)
��)

���)

�v)

v)
v�)
a)
b)
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Volume � (Spec�al cond�t�ons of contract and General cond�t�ons of contract);
Volume � (B�ll of quant�t�es);
Volume 3 (Specifications); and
Volume 4 (Draw�ngs).

The tender documents may be based on other standard b�dd�ng documents as may be adv�sed by the 
Cl�ent.

13.2.7 Engineer’s Estimates

The Consultant will be expected to have prepared a confidential pre-bid cost estimate and submitted the 
same to Cl�ent together w�th the b�dd�ng documents. As far as poss�ble th�s should be based on un�t costs 
der�ved from recent projects of a s�m�lar magn�tude, complex�ty and remoteness from or prox�m�ty to 
ports or major urban areas.

Deta�led est�mates of recurrent costs should be based on un�t costs prov�ded by the operat�ng author�ty or 
from schemes of a s�m�lar s�ze and nature. Ant�c�pated revenue should be based on the recommendat�ons 
made regard�ng tar�ff structures or prov�ded by the operat�ng author�ty

13.3  Contents of the Inception Report

Abbrev�at�ons and Acronyms
L�st of Tables
L�st of F�gures
Execut�ve Summary

� Background
�.� Introduct�on
�.� Object�ves of the Consultancy Serv�ces
�.3 Scope of Serv�ces
�.4 Descr�pt�on of Project Area –locat�on, cl�mate, topography, geology
�.5 Consultant’s Mob�l�sat�on
�.5.� Team Compos�t�on 
�.5.� Support/Extra Staff
�.5.3 Fac�l�t�es
�.6 Reconna�ssance V�s�t Report
�.7 Outl�ne of the Incept�on Report

� Rev�ew of the Methodology
�.� Introduct�on
�.� Act�v�ty Overv�ew
�.3 Mob�l�sat�on and Reconna�ssance
�.4 Incept�on Report
�.5 Data Collect�on and analys�s
�.6 Feas�b�l�ty Study Report
�.7 Deta�led Des�gn Report

3 L�terature Rev�ew

4 Work Program
4.� Introduct�on
4.� Expected Outputs/Del�verables
4.3 Complet�on and Subm�ss�on of Reports and other Del�verables

�)
��)
���)
�v)
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5 Append�ces
5.� Append�x �: Terms of Reference
5.� Append�x �: Table of Contents of Feas�b�l�ty Study Des�gn Report
5.3 Append�x 3: Table of Contents of Deta�led Des�gn Report
5.4 Append�x 4: Household quest�onna�re
5.5 Append�x 5: Commun�ty Leaders’ Quest�onna�re
5.0 Append�x 6: M�nutes of Cl�ent-Consultant Meet�ng

13.4 Contents of the Feasibility Study Report

The feasibility study report shall include abbreviations and acronyms, list of tables, list of, figures, and 
execut�ve summary

CHAPTER � INTRODUCTION

In this chapter the history of the proposed project and the explanation on how the project fits in the 
reg�onal and nat�onal annual and long term water supply programme should be g�ven. Prev�ous stud�es 
overv�ew �.e. master plans, pre-feas�b�l�ty stud�es etc. should be g�ven. The object�ves of the consultancy 
serv�ces, the scope of the consult�ng serv�ces �s also presented.

CHAPTER � PROPOSED PROJECT

In th�s chapter the project for �mplementat�on �s selected. The prev�ous proposed plans should be 
confirmed or revisions presented. The chapter should cover:

The plann�ng per�od
Project object�ves
Areas to be covered, �.e. consumers to be covered
Populat�on Project�ons
Demand project�ons
Rank�ng of the selected project
Recommended development plan
Ex�st�ng �nfrastructure: adm�n�strat�on, educat�on �nst�tut�ons, health �nst�tut�ons, commerce and 
�ndustry, transport, telephone, electr�c�ty, etc.
Ex�st�ng water suppl�es/sources: locat�on, source, and ownersh�p, consumers, techn�cal and 
econom�c assessment of the suppl�es, rel�ab�l�ty and constra�nts

CHAPTER DESIGN CRITERIA

The des�gn cr�ter�on �s stated �n th�s chapter. Th�s w�ll cover:

3.�  Des�gn Hor�zon 
3.�  Domest�c and Non-Domest�c Water Demand Rates 
3.3  Des�gn Econom�c L�fe 

 Water supply 

Intake works and raw water transm�ss�on ma�ns 
Treatment works 
Transm�ss�on and d�str�but�on 
Pump�ng stat�ons and Ma�ns  
Water storage

3.5  San�tat�on

•
•
•
•
•
•
•
•

•

a.

�)
��)
���)
�v)
v)
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3.6  F�nanc�al analys�s
Compar�son of Project Alternat�ves 
Investment Cost Est�mates 
Operat�on and Ma�ntenance Cost Est�mates 
Cash flow of water supply scheme

CHAPTER 4 WATER SUPPLY SCHEME COMPONENTS

The water supply scheme component alternative are identified and evaluated. Recommended supply 
scheme component are selected for des�gn. Th�s chapter should cover:

WATER DEMAND
Peak day demand 
Loss Factors 
Projected Demand [domest�c, �nst�tut�onal, commerc�al, �ndustr�al, other, total demand]

WATER SOURCES
Ground water sources 
Surface water sources 
Recommended source

SANITATION

Proposed �ntervent�ons 
Susta�nab�l�ty aspects for san�tat�on 

ENVIRONMENTAL IMPACT ASSESSMENT

Screen�ng 
Scop�ng 
Env�ronmental �mpact study 
Env�ronmental �mpact assessment

SOCIAL ECONOMIC STUDY
Economy and �ncome s�tuat�on 
W�ll�ngness and ab�l�ty to pay for water 
Conclus�ons

COST ESTIMATES
Construct�on costs 
Operat�on and Ma�ntenance Costs 
M�scellaneous costs 
Un�t Cost

CHAPTER 5 INSTITUTIONAL FRAMEWORK

In th�s chapter var�ous organ�zat�ons that m�ght be �nvolved �n the deta�led des�gn, construct�on and the 
operations and maintenance of the project need to be defined. Their roles and responsibilities should be 
clearly spelt out. Th�s should cover:-

Organ�zat�on and management 
Staffing implications, and training requirements 
Future staffing and training plans 
F�nanc�al h�story of the present organ�zat�on respons�ble for runn�ng the system 
Tar�ffs and charg�ng system for water supply systems 
Tentative financing plan, i.e. source of funds etc.

�)
��)
���)
�v)

a.
�.
��.
���.

b.
�.
��.
���.

c.

�.
��.

d.

�.
��.
���.
�v.

e.
�.
��.
���.

f.
�.
��.
���.
�v.

a.
b.
c.
d.
e.
f.
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS

In th�s chapter the feas�b�l�ty of the project �s stated and recommended act�ons to be taken made. Th�s 
should cover:

Summary of the study and the proof that the project �s feas�ble, econom�cally, techn�cally, 
financially, socially, culturally, environmentally and institutionally. 
Recommended act�on for the successful �mplementat�on and operat�on of the project.

13.5 Contents of the Preliminary Design Report

Abbrev�at�ons and Acronyms
L�st of Tables
L�st of F�gures
EXECUTIVE SUMMARY

There should be a Project Summary sheet, g�v�ng �nformat�on about:

Geograph�c locat�on
Water source
Water treatment
Water demand
D�str�but�on system
Implementat�on stages
Annual costs.

Further, an O&M Expend�ture Summary sheet should be attached, g�v�ng all the est�mated costs for O & 
M for the �n�t�al year and for the follow�ng �0 years �n stages of 5 years, plus the revenue expected, all 
the above be�ng on a present cost bas�s.

A map to scale �:�0,000 or more deta�led �f poss�ble, should show the scheme boundary.

The Summary should g�ve �n conc�se way �nformat�on about the background of the project, w�th respect 
to:

Demography, techn�cal, econom�c and geograph�cal data of the recommended scheme and of any 
ex�st�ng supply. It should also descr�be the alternat�ve solut�ons stud�ed and the reasons for d�scard�ng 
the alternat�ve schemes and select�ng the one �n quest�on.

� CHAPTER � INTRODUCTION
Th�s chapter should �nclude:

Background; 
Prev�ous schemes, reports or stud�es; 
Scope of the present report; 
Descr�pt�on of the scheme are: geograph�c locat�on, cl�mat�c cond�t�ons, geolog�cal and 
topograph�cal cond�t�ons; and 
Reasons of the study.

� CHAPTER � EXISTING WATER SUPPLY SCHEMES

The chapter on ex�st�ng water schemes should d�scuss:
Ownersh�p, Locat�on, Source 
Purpose of the schemes 
Type and number of consumers 

a.

b.

•
•
•
•
•
•
•

�.
�.
3.
4.

5.

a.
b.
c.
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Level of Serv�ce 
Ex�st�ng constra�nts and rel�ab�l�ty of the supply, both at present and �n future 
Techn�cal and econom�cal assessment of the supply system.

3 CHAPTER 3 SOCIO-ECONOMIC STUDY
The soc�o-econom�c chapter should conta�n �nformat�on on:

Commerce and �ndustry 
Transport 
Agr�culture/forestry 
Health fac�l�t�es 
Educat�on 
Adm�n�strat�on
Econom�c and �ncome s�tuat�on 
W�ll�ngness to pay

4 CHAPTER 4 WATER DEMAND
Th�s �s a very �mportant chapter and must address the follow�ng:

Des�gn per�od and Des�gn hor�zon
 Populat�on 
L�vestock 
Inst�tut�ons 
Industry
Commerce 
Houses and gardens 
Other Specific Water demands 
Total water demand.

5 CHAPTER 5WATER SOURCES

As relevant, the alternat�ve water sources ava�lable should be d�scussed under the follow�ng head�ngs:

Groundwater 
Surface water 
Spr�ngs 
Other sources 
Recommended source 
Est�mate of the total capac�ty of all ava�lable sources w�th�n an econom�c
Est�mate of the total populat�on, wh�ch can be served by the ava�lable water sources w�th�n 
the rema�nder of th�s century.

6 CHAPTER 6 DESIGN CRITERIA
Th�s �s regarded as an �mportant chapter and must conta�n the follow�ng:

Rev�ew of pert�nent des�gn cr�ter�a and proposals conta�ned �n th�s �n water des�gn manual 
Ident�fy and comment on those cr�ter�a not be�ng followed clearly �nd�cat�ng the reasons for 
th�s 
Summar�ze both the des�gn cr�ter�a and the proposals be�ng adopted 
All parameters and assumpt�ons that w�ll be used �n the des�gn computat�on 
All data to be used, methods of analys�s, etc.

Th�s chapter should have a deta�led descr�pt�on of: 
Des�gn Hor�zon 
Domest�c and Non-Domest�c Water Demand Rates 

d.
e.
f.

a.
b.
c.
d.
e.
f.
g.
h.

a.
b.
c.
d.
e.
f.
g.
h.
�.

�.
�.
3.
4.
5.
6.
7.

a.
b.

c.
d.
e.

•
•
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Des�gn Econom�c L�fe 
Water supply 
Intake works and raw water transm�ss�on ma�ns
Treatment works
Transm�ss�on and d�str�but�on
Pump�ng stat�ons and Ma�ns 
Water storage

F�nanc�al analys�s 
Compar�son of Project Alternat�ves 
Investment Cost Est�mates 
Operat�on and Ma�ntenance Cost Est�mates 

San�tat�on
The unl�ned p�t latr�ne 
The l�ned p�t latr�ne 
The ECOSAN to�let 
Sept�c tank 

7 CHAPTER 7 WATER INTAKE STRUCTURES

The structures proposed foe water �ntake should be descr�bed w�th respect to:

Locat�on 
Intake (r�ver, pond, lake, etc.) 
Dam Well Spr�ng 
Raw water ma�ns

The above �nformat�on should be accompan�ed by general sketches or draw�ngs and Prel�m�nary 
Computat�ons

8 CHAPTER 8 PUMP STATIONS

Where pump�ng �s requ�red, th�s must be clearly descr�bed depend�ng upon type:

Raw water pump stat�on 
Clear water pump stat�on 
R�s�ng ma�ns

The above are to be accompan�ed by general sketches or draw�ngs and by respect�ve prel�m�nary 
computat�ons.

9 CHAPTER 9 TREATMENT PLANT

Th�s chapter should �nclude:

Locat�on of the treatment plant 
Water qual�ty of the source 
Demanded water qual�ty for supply 
Recommended treatment processes 
Reasons for dev�at�on from WHO standards, (�f any)
Flow plan for the proposed treatment processes.

•
•
•
•
•
•
•

�
•
•
•

�
•
•
•
•

a.
b.
c.
d.

a.
b.
c.

•
•
•
•
•
•
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�0 CHAPTER �0 TRANSMISSION AND DISTRIBUTION

Th�s chapter should cover:

�0.� Grav�ty Ma�ns
10.1.1 Raw water ma�ns 
10.1.2  Clear water ma�ns.

10.2  D�str�but�on System proposals should �nclude:
�0.�.� Recommended d�str�but�on system �nclud�ng prel�m�nary computat�ons and system 

sketches.
10.2.2  Alternat�ve systems cons�dered and reasons for not apply�ng them
10.2.3  Choice of materials for pipes, fittings, etc., and reasons for excluding any of them
10.2.4  Proposed �mplementat�on schedule
10.2.5  Implementat�on t�me schedule
10.2.6  Phas�ng of execut�on proposed.

�� Chapter �� ENVIRONMENTAL IMPACT ASSESSMENT

An env�ronmental �mpact assessment report cover�ng:

��.� Screen�ng
��.� Scop�ng
��.3 Env�ronmental �mpact study
��.4 Env�ronmental �mpact assessment

�� CHAPTER �� COST ESTIMATES

These should be to the deta�l requ�red and �nclude:

Costs for des�gn, construct�on and superv�s�on
Costs for O & M
Costs for management and adm�n�strat�on
Revenue expected,
F�nanc�al Internal Rate of Return and Econom�cal Rate of Return
Conclus�on regard�ng pr�ces of the water and about the economy of the project, and
Cash flow projections.

In add�t�on a statement �s requ�red on L�fe Cycle Analys�s and Cost�ng, �nd�cat�ng the current state of 
�nformat�on ava�lable and to what extent th�s �s be�ng taken �nto cons�derat�on.

13.6 Contents of the Detailed Design Report

Abbrev�at�ons and Acronyms
L�st of Tables
L�st of F�gures

EXECUTIVE SUMMARY
There should be a Project Summary sheet, g�v�ng �nformat�on about:

Geograph�c locat�on
Water source
Water treatment
Water demand
D�str�but�on system
Implementat�on stages
Annual costs.

•
•
•
•
•
•
•

•
•
•
•
•
•
•
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Further, an O&M Expend�ture Summary sheet should be attached, g�v�ng all the est�mated costs for O & 
M for the �n�t�al year and for the follow�ng �0 years �n stages of 5 years, plus the revenue expected, all 
the above be�ng on a present cost bas�s.

A map to scale �:�0,000 or more deta�led �f poss�ble, should show the scheme boundary.

The Summary should g�ve �n a conc�se way �nformat�on about the background of the project, w�th 
respect to:

Demography, techn�cal, econom�c and geograph�cal data of the recommended scheme and of any 
ex�st�ng supply. It should also descr�be the alternat�ve solut�ons stud�ed and the reasons for d�scard�ng 
the alternat�ve schemes and select�ng the one �n quest�on.

� CHAPTER � INTRODUCTION

Th�s chapter should �nclude:

�.� Background; 
�.� Prev�ous schemes, reports or stud�es; 
�.3 Scope of the present report; 
�.4 Descr�pt�on of the scheme are: geograph�c locat�on, cl�mat�c cond�t�ons, geolog�cal and 

topograph�cal cond�t�ons; and 
�.5 Reasons of the study.

� CHAPTER � EXISTING WATER SUPPLY SCHEMES

The chapter on ex�st�ng water schemes should d�scuss:

Ownersh�p, Locat�on, Source 
Purpose of the schemes 
Type and number of consumers 
Level of Serv�ce 
Ex�st�ng constra�nts and rel�ab�l�ty of the supply, both at present and �n future 
Techn�cal and econom�cal assessment of the supply system.

3 CHAPTER 3 SOCIO-ECONOMIC STUDY

The soc�o-econom�c chapter should conta�n �nformat�on on:

Commerce and �ndustry 
Transport 
Agr�culture/forestry 
Health fac�l�t�es 
Educat�on 
Adm�n�strat�on. 
Econom�c and �ncome s�tuat�on 
W�ll�ngness to pay

4 CHAPTER 4 WATER DEMAND

Th�s �s a very �mportant chapter and must address the follow�ng:

4.�  Des�gn per�od and Des�gn hor�zon 
4.� Populat�on 
4.3 L�vestock 
4.4 Inst�tut�ons 
4.5 Industry 

a.
b.
c.
d.
e.
f.

a.
b.
c.
d.
e.
f.
g.
h.
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4.6 Commerce 
4.7 Houses and gardens 
4.8 Others 
4.9 Specific Water demands 
4.�0 Total water demand.

5 CHAPTER 5 WATER SOURCES

As relevant, the alternat�ve water sources ava�lable should be d�scussed under the follow�ng head�ngs:

5.� Groundwater 
5.2  Surface water 
5.3  Spr�ngs Other sources 
5.4  Recommended source 
5.5  Est�mate of the total capac�ty of all ava�lable sources w�th�n an econom�c, and 
5.6  Est�mate of the total populat�on, wh�ch can be served by the ava�lable water sources 

w�th�n the rema�nder of th�s century.

6 CHAPTER 6 DESIGN CRITERIA

Th�s �s regarded as an �mportant chapter and must conta�n the follow�ng:

Rev�ew of pert�nent des�gn cr�ter�a and proposals conta�ned �n th�s �n water des�gn manual 
Ident�fy and comment on those cr�ter�a not be�ng followed clearly �nd�cat�ng the reasons for 
th�s 
Summar�ze both the des�gn cr�ter�a and the proposals be�ng adopted 
All parameters and assumpt�ons that w�ll be used �n the des�gn computat�on 
All data to be used, methods of analys�s, etc.

Th�s chapter should have a deta�led descr�pt�on of: 

Des�gn Hor�zon 
Domest�c and Non-Domest�c Water Demand Rates 
Des�gn Econom�c L�fe 
Water supply 

Intake works and raw water transm�ss�on ma�ns
Treatment works
Transm�ss�on and d�str�but�on
Pump�ng stat�ons and Ma�ns 
Water storage

F�nanc�al analys�s 
Compar�son of Project Alternat�ves 
Investment Cost Est�mates 
Operat�on and Ma�ntenance Cost Est�mates 

San�tat�on
The unl�ned p�t latr�ne 
The l�ned p�t latr�ne 
The ECOSAN to�let 
Sept�c tank 

a.
b.

c.
d.
e.

•
•
•
•

o
o
o
o
o

•
o
o
o

•
o
o
o
o
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7 CHAPTER 7 WATER INTAKE STRUCTURES

The structures proposed foe water �ntake should be descr�bed w�th respect to:

7.1 Location 
7.2  Intake (river, pond, lake, etc.) 
7.3  Dam 
7.4  Well 
7.5  Spring 
7.6  Raw water mains

The above �nformat�on should be accompan�ed by general sketches or draw�ngs and prel�m�nary 
computat�ons

8 CHAPTER 8 PUMP STATIONS

Where pump�ng �s requ�red, th�s must be clearly descr�bed depend�ng upon type:

8.1 Raw water pump station 
8.2 Clear water pump station 
8.3 Rising mains

The above are to be accompan�ed by general sketches or draw�ngs and by respect�ve prel�m�nary 
computat�ons.

9 CHAPTER 9 TREATMENT PLANT

Th�s chapter should �nclude:

9.1 Location of the treatment plant 
9.2  Water quality of the source 
9.3  Demanded water quality for supply 
9.4  Recommended treatment processes 
9.5  Reasons for deviation from WHO standards, (if any), and 
9.6  Flow plan for the proposed treatment processes.

�0 CHAPTER �0 TRANSMISSION AND DISTRIBUTION

Th�s chapter should cover:

Grav�ty Ma�ns
�0.� Raw water ma�ns
�0.� Clear water ma�ns.
�0.3 D�str�but�on System proposals should �nclude:

10.3.1 Recommended d�str�but�on system �nclud�ng prel�m�nary computat�ons and system  
 sketches.

10.3.2  Alternat�ve systems cons�dered and reasons for not apply�ng them
10.3.3  Choice of materials for pipes, fittings, etc., and reasons for excluding any of them
10.3.4  Proposed �mplementat�on schedule
10.3.5  Implementat�on t�me schedule
10.3.6  Phas�ng of execut�on proposed.

�� Chapter �� ENVIRONMENTAL IMPACT ASSESSMENT

An env�ronmental �mpact assessment report cover�ng:

11.1 Screening
11.2 Scoping
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11.3 Environmental impact study
11.4 Environmental impact assessment

�� CHAPTER �� COST ESTIMATES

These should be to the deta�l requ�red and �nclude:

12.1 Costs for design, construction and supervision 
12.2  Costs for O & M Costs for management and administration 
12.3  Revenue expected, Financial Internal Rate of Return and Economical Rate of Return 
12.4  Conclusion regarding prices of the water and about the economy of the project, and 
12.5  Cash flow projections.

In add�t�on a statement �s requ�red on L�fe Cycle Analys�s and Cost�ng, �nd�cat�ng the current state of 
�nformat�on ava�lable and to what extent th�s �s be�ng taken �nto cons�derat�on.

APPENDICES 
Append�x �: Hydraul�c calculat�ons 
Append�x �: Structural calculat�ons 
Append�x 3: Econom�c Calculat�ons

13.7 Units

13.7.1 General

Only SI un�ts are to be used �n water supply reports and draw�ngs �n Uganda.

13.7.2 Basic SI Units

The most common SI un�ts �n water supply projects �n Uganda are presented �n Table �3-�.

Table 13-1: Basic SI Units of Measure

Measure Unit symbol
Length metre m
Mass k�logramme kg
T�me second s

13.7.3 Derived and Supplementary SI Units

The der�ved and supplementary SI un�ts most commonly used �n water supply projects are as presented 
�n Table �3-�. 

Table 13-2: Derived and Supplementary SI Units

 Measure Unit Symbol
Area square metre m�

Volume cub�c metre m3

Dens�ty k�logram per cub�c metre kg/m3

Veloc�ty metres per second m/s
Force newton N
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Pressure/stress Pascal Pa
Power Watt W
Temperature degree Cels�us °C
Angle degree °

13.7.4 Prefixes

Prefixes may be used as an alternative method for writing multiples and sub-multiples, as shown in 
Table �3-3.

Table 13‑3: Prefixes

Figure Multiple Prefix Symbol
One m�ll�on �06 Mega M
One thousand �03 k�lo k
One thousandth �0-3 m�ll� m
One m�ll�onth �0-6 m�cro μ

13.8 SI Unit Symbols, Multiples, Sub-Multiples and Conversion Factors

Table �3-4 presents the commonly used un�ts, the�r symbols, mult�ples and sub-mult�ples, together w�th 
the convers�on factors between the SI system and the Imper�al system.

Table 13-4: SI Unit Symbols, Multiples, Sub-Multiples and Conversion Factors

Quantity Unit 
Symbol

Multiples And Sub- 
Multiples Conversion Factors

Length
Mass
T�me

m
kg
s

km, mm
Mg, g, mg
hour (h) day (d)

�m =3.�8� ft = 39.370 �nches
�kg = �.�05 lb = 35.�74 oz
�h = 3.600 s

Temperature
Angle
Area

0C
0

m�

M�nute ( ‘ )
Second ( ‘’ )
km�, mm�

°C = 0.556 (°F - 3�)
(�° = 60’ ) Note: 360° =� c�rcle
� m� = �0.764 ft�

� acre = 4046.8�5 m�

Volume 
Dens�ty
Force

m3

Kg/m3

N

Mm3, dm3,L
g/ml
kN, MN

� m3= 35.3�5 ft3 =��9.969 galls UK
�L = �dm3 = 0.00� m3

� kg/m3 = 0.06�4�8 lb/ft3

� N = 0.0�0�97 kp= 0.��48 lbf.

Pressure 
stress

Veloc�ty 
Power

Pa

m/s
w

MPa, kPa, MN/m, N/mm�

km/h
MW, kw

�Pa = � N/m� = �0.�97 x �06 kPcm�

= �0-5 bar = 0.�45 x �0-3 lbf/�n� (ps�)
� m/s = 3.�8� ft/s = �.�37 m�les/h
�N = � Nm/s = �.34� x �03 hp (UK)
= 3.4�� Btu/h

Note that no plural “s” shall be added to any symbol e.g. wr�te �0 km not �0 kms.
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Table 13-5 Other Symbols
Symbol SI Unit Symbol SI Unit
Kg k�logramme kPa k�lo Pascal
m� metre squared kN k�lo Newton
Pa Pascal MPa mega Pascal
m/s metres per second MN/m Mega Newton per metre
w watt N/mm� Newton per m�ll�metre squared
N Newton km k�lometre
mm m�ll�metre Mg megagram
g gram mg m�ll�gram
oz ounce galls UK gallons (UK)
lbf pound force

13.9 Formats for Reports and Drawings

13.9.1 Formats

The follow�ng format should be used for reports. 
A4 S�ze   ��0 mm x �97 mm

The follow�ng formats should be used for draw�ngs:
A� S�ze   594 mm x 840 mm (ma�nly for construct�on draw�ngs)
A3 S�ze   �97 mm x 4�0 mm (ma�nly for presentat�on purposes)

13.9.2 Scales

The follow�ng scales are recommended to be used for draw�ngs.
�:�,  �.�0,  �:�00,  �:�000
�:5,  �.50,  �:500,  �:5000
�:�0,  �.�00,  �:�000,  �:�0000

13.9.3 Symbols

Symbols recommended for use on draw�ngs for water supply and related �nstallat�ons are shown �n 
Append�x C

13.9.4 Pipeline Drawings
The plan and profile of a pipeline should be drawn on the same sheet, and to the same horizontal scale. 
The plan should be placed above the profile. The horizontal and vertical scales used should be 1:2,000 
and �:�00 respect�vely, except where more deta�led draw�ngs are requ�red. P�pel�ne cha�nages should 
start at the inlet end and run in the same direction as the flow of water.
A pipeline profile should show the ground levels of all surveyed points, and the pipeline invert levels at 
po�nts where grad�ents change. Levels should be g�ven �n metres up to two places of dec�mal. Cha�nages 
should be given in whole metres only.The profile should also show the static headline, hydraulic gradient 
line in per cent, pipe materials, pipe sizes, pipe classes, design flows and ground materials. A pipeline 
plan should show enough topographic features to make it possible to find the surveyed lines at the time 
of construction. Distances from the pipeline to well-defined and prominent features should be given. The 
“North Po�nt” should be �nd�cated on all plans.

13.9.5  Standard Drawings
It �s expected that �n due course, the D�rectorate of Water Development, �n �ts cont�nu�ng efforts towards 
the goal of standard�zat�on, w�ll develop, comp�le and publ�sh documents conta�n�ng the approved 
standard drawings (and related specifications), for the various water supply system components.

•

•
•

•
•
•
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Appendix1a: Population Estimates Growth Rates (Source UBOS)

Name of 
Region Name of District 2012 Estimated 

Population
Estimated Population Growth 
Rates

1969-80 1980-91 1991-02
 NORTHERN  �. Ab�m 5�,603 0.9�

 �. Adjuman� 375,900 5.04
 3. Amolatar ��7,400 �.�8
 4. Amuru �3�,900 �.��
 5. Apac 58�,�00 3.�7 3.38 �.7�
 6. Arua 56�,500 �.36 �.73 �.7�
 7. Dokolo �83,�00 �.83
 8. Gulu 396,400 �.8� �.05 �.�9
 9. Kaabong 395,300 5.43
 �0. K�tgum 4�9,000 �.4� �.33 3.��
 ��. Koboko �36,800 4.9�
 ��. Kot�do �33,300 4.08 �.76 5.�7
 �3. L�ra 7�5,�00 �.7� �.75 �.65
 �4. Moroto 333,800 �.3� 0.74 4.59
 �5. Moyo 4��,600 �.6� 4.55 6.��
 �6. Nyadr� 4�3,300
 �7. Nakap�r�p�r�t �75,�00 4.7�
 �8. Nebb� 565,900 �.�7 �.79 �.��
 �9. Oyam 378,900 �.79
 �0. Pader 53�,500 3.96
 ��. Yumbe 545,300 6.�9
 ��. Arua Mun�c�pal�ty 6�,400 �.7�
 �3. Gulu Mun�c�pal�ty �58,654 �.�9
 �4. Moroto Mun�c�pal�ty �3,000 4.66
 �5. L�ra Mun�c�pal�ty ���,�57 �.65

 CENTRAL  �6. Kalangala 66,300 �.�3 5.88 5.33
 �7. Kampala �,7�3,�00 3.�4 4.76 3.04
 �8. Kayunga 358,800 �.6�
 �9. K�boga 348,�00 5.8� 0.�9 3.4�
 30. Entebbe Mun�c�pal�ty 83,�00 3.4
 3�. Luwero 440,400 �.59 0.79 �.�
 3�. Lyantonde 80,�00 �.6�
 33. Masaka 775,300 3.� �.7� 0.8�
 34. Masaka Mun�c�pal�ty 74,700 0.85
 35. Nakaseke �93,500 �.7�
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Name of 
Region Name of District 2012 Estimated 

Population
Estimated Population Growth 
Rates

1969-80 1980-91 1991-02
 36. Nakasongola �56,500 �.7�
 37. Mp�g� 467,900 �.43 �.94 �.�4
 38. Mukono �,036,000 �.53 �.39 �.�7
 39. Mubende 6�0,500 3.6� �.7� 3.0�
 40. M�tyana 3��,600 �.3�
 4�. Raka� 484,300 3.9� 3.04 �.49
 4�. Sembabule ��9,700 �.63
 43. Wak�so �,47�,800 3.38

 EASTERN  44. Amur�a 503,�00 6.67
 45. Budaka �0�,�00 �.��
 46. Bududa �85,000 3.�6
 47. Bug�r� 659,�00 3.85
 48. Bukedea �86,400 3.43
 49. Bukwo 73,400 3.34
 50. Bus�a �97,700 �.3�
 5�. Butaleja ���,�00 �.78
 5�. Iganga 760,700 3.0� 3.5 �.79
 53. J�nja 544,�00 �.46 �.�5 �.��
 54. J�nja Mun�c�pal�ty 9�,�00 �.�
 55. Kaberama�do �99,�00 3.4
 56. Kal�ro ��6,700 �.78
 57. Kamul� 766,000 �.�9 �.98 �.68
 58. Kapchorwa ��7,�00 �.3� 4.�5 3.5�
 59. Katakw� �76,800 3.�6
 60. Kum� 4�3,300 �.�9 0.�� 3.56
 6�. Manafwa 395,�00 �.75
 6�. Mayuge 46�,300 �.87
 63. Mbale 44�,300 �.68 �.4� �.3�
 64. Mbale Mun�c�pal�ty 94,300 �.3�
 65. Namutumba ��9,000 �.�9
 66. Pall�sa 544,000 �.46 �.86 �.86
 67. S�ronko 365,000 �.�
 68. Sorot� 546,700 �.�8 -0.93 4.�8
 69. Sorot� Mun�c�pal�ty 85,800 4.��
 70. Tororo 443,300 �.�7 �.8� �.06
 7�. Tororo Mun�c�pal�ty 44,800 4.66
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Name of 
Region Name of District 2012 Estimated 

Population
Estimated Population Growth 
Rates

1969-80 1980-91 1991-02
 WESTERN  7�. Bul��sa 80,700 �.98

 73. Bund�bugyo 346,000 3.3� 0.35 4.06
 74. Busheny� 894,�00 �.36 3.08 �.64
 75. Fort Portal 
Mun�c�pal�ty 47,800 �.�5

 76. Ho�ma 549,000 �.�4 3 3.8�
 77. Ibanda �55,400 �.05
 78. Is�ng�ro 4�0,300 �.3�
 79. Kabale 498,�00 �.�5 �.�7 0.67
 80. Kabale Mun�c�pal�ty 73,000 0.68
 8�. Kabarole 4�5,600 4.43 3.�9 �.�5
 8�. Kamwenge 33�,�00 �.87
 83. Kanungu �5�,�00 �.7
 84. Kasese 748,000 5.06 �.94 �.9�
 85. K�baale 68�,�00 5.74 3.37 4.�3
 86. K�ruhura 3�5,�00 �.85
 87. K�soro �54,300 0.95 3.53 �.�6
 88. Kyenjojo 543,500 �.98
 89. Mas�nd� 670,�00 3.48 �.7� 4.�9
 90. Mbarara 445,800 4.07 �.75 �.7�
 9�. Mbarara Mun�c�pal�ty 85,600 �.7�
 9�. Ntungamo 480,�00 �.9�
 93. Rukung�r� 3��,400 �.85 �.5� �.�6

35,�77,8�4
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Appendix 1b: Population Estimates For Some Sub Counties (Source UBOS)

2008 2009 2010 2011 2012

KAMPALA DISTRICT 1,480,200 1,533,600 1,597,800 1,659,500 1,723,200

Central D�v�s�on �09,600 ��3,600 ��8,400 ���,900 ��7,600
Kawempe D�v�s�on 3�6,400 338,�00 35�,300 365,900 379,900
Mak�ndye D�v�s�on 377,300 39�,�00 407,300 4�3,�00 439,300
Nakawa D�v�s�on �99,500 3�0,�00 3�3,�00 335,700 348,700
Rubaga D�v�s�on 367,400 380,600 396,600 4��,900 4�7,700

2008 2009 2010 2011 2012
KIBOGA DISTRICT 149,200 155,500 163,300 170,800 178,600
Bukomero Sub county �7,700 �8,800 30,�00 3�,500 3�,800
Butemba Sub county 30,600 3�,800 33,500 34,800 36,300
Dwan�ro Sub county �3,800 �4,400 �5,�00 �5,700 �6,400
Kapeke Sub county �4,�00 �4,800 �5,500 �6,�00 �6,800
K�b�ga Sub county �5,600 �6,600 �7,900 �9,�00 30,500
K�boga Town counc�l �5,�00 �6,000 �6,400 �7,400 �8,000
Kyankwanz� Sub county ��,�00 ��,700 �3,300 �3,800 �4,500
Lwamata Sub county �6,400 �7,500 �8,700 30,000 3�,300
Mulag� Sub county �4,000 �4,600 �5,�00 �5,900 �6,600
Muwanga Sub county �6,300 �6,900 �7,700 �8,500 �9,300
Nsambya Sub county 33,500 35,000 36,600 38,�00 39,900
Ntwetwe Sub county 3�,600 3�,900 34,400 35,900 37,400
Wattuba Sub county �9,000 �9,700 �0,700 ��,600 ��,500

2008 2009 2010 2011 2012
LUWERO DISTRICT 194,200 199,000 205,600 211,500 217,500
Bamunan�ka Sub county �8,900 �9,500 30,400 3�,�00 3�,�00
Kalagala Sub county 37,900 38,800 40,000 4�,000 4�,000
Kam�ra Sub county �3,400 �4,000 �4,700 �5,400 �6,000
K�kyusa Sub county �8,�00 �8,800 �9,700 30,500 3�,300
Z�robwe Sub county 4�,000 4�,000 43,300 44,400 45,500
Bombo Town counc�l �9,400 �9,900 �0,500 ��,000 ��,600
Butuntumula Sub county 33,900 34,700 35,800 36,700 37,600
Kat�kamu Sub county 39,300 40,300 4�,300 4�,500 43,700
Luwero Sub county 33,000 33,800 34,900 35,800 36,700
Luwero Town counc�l �7,300 �8,000 �8,800 �9,500 30,300
Makulub�ta Sub county 30,�00 30,900 3�,800 3�,700 33,600
Ny�mbwa Sub county 3�,000 3�,700 33,700 34,600 35,500
Wobulenz� Town counc�l ��,900 ��,500 �3,�00 �3,700 �4,300
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2008 2009 2010 2011 2012

MUBENDE DISTRICT 260,300 269,600 281,500 292,800 304,300
Bagezza Sub county 53,�00 55,�00 57,300 59,700 6�,700
Butoloogo Sub county �9,400 �0,�00 ��,000 ��,700 ��,500
Kasambya Sub county 90,700 94,000 97,900 �0�,400 �05,500
K�tenga Sub county 46,000 47,700 49,600 5�,500 53,500
K�yun� Sub county �6,�00 �6,900 �8,�00 �9,�00 30,300
Madudu Sub county �0,700 ��,300 ��,�00 �3,�00 �4,000
Mubende Town counc�l �9,900 �0,600 ��,400 ��,�00 �3,�00
Bukuya Sub county 77,300 80,�00 83,600 86,700 90,�00
Kassanda Sub county 73,000 75,600 78,700 8�,800 84,800
K�ganda Sub county 47,300 48,900 5�,000 53,000 54,900
Myanz� Sub county 5�,800 53,600 55,800 58,000 60,�00

2008 2009 2010 2011 2012
MUKONO DISTRICT 459,400 471,000 486,800 501,000 515,500
Bu�kwe Sub county 3�,600 33,500 34,500 35,600 36,500
Kawolo Sub county 36,600 37,500 38,700 39,800 40,800
Lugaz� Town counc�l 3�,700 33,600 34,500 35,500 36,300
Najja Sub county 36,�00 37,000 38,000 39,�00 40,300
Najjembe Sub county 3�,800 3�,600 33,600 34,500 35,500
Ngogwe Sub county 35,�00 36,000 37,�00 38,�00 39,�00
Njeru Town counc�l 59,900 6�,300 63,�00 64,900 66,800
Nkonkonjeru Town counc�l �3,000 �3,400 �3,700 �4,000 �4,400
Nyenga Sub county 45,�00 46,�00 47,700 49,000 50,300
Ss�-Bukunja Sub county �3,300 �3,900 �4,700 �5,300 �6,000
Wak�s� Sub county 39,000 40,000 4�,300 4�,300 43,500
Bugaya Sub county 8,900 9,�00 9,400 9,700 9,900
Busamuz� Sub county �4,800 �5,�00 �5,500 �6,000 �6,400
Bweema Sub county 7,900 8,300 8,400 8,600 8,900
Na�ramb� Sub county �8,000 �8,400 �9,�00 �9,600 �0,�00
Goma Sub county 5�,700 54,000 55,700 57,�00 58,700
Kkome Islands ��,300 ��,600 ��,900 ��,300 ��,700
Kyamp�s� Sub county 33,500 34,300 35,300 36,�00 37,300
Mukono Town counc�l 54,400 55,700 57,400 59,000 60,400
Nak�sunga Sub county 46,�00 47,300 48,800 50,000 5�,500
Nama Sub county 38,500 39,500 40,700 4�,900 43,000
Ntenjeru Sub county 64,700 66,300 68,400 70,300 7�,�00
Kasawo Sub county 36,�00 37,000 38,�00 39,�00 40,300
K�menyedde Sub county 36,300 37,�00 38,300 39,500 40,500
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Nabaale Sub county 33,�00 34,000 35,000 35,900 36,900
Nagojje Sub county 33,300 34,�00 35,�00 36,�00 37,�00
Ntunda Sub county �5,600 �6,000 �6,500 �7,000 �7,500
Seeta- Namuganga 38,500 39,400 40,700 4�,800 4�,900

2008 2009 2010 2011 2012
NAKASONGOLA DISTRICT 72,000 73,500 75,600 77,400 79,300
Kakooge Sub county �3,�00 �3,600 �4,�00 �4,700 �5,�00
Kalongo Sub county �5,700 �6,000 �6,400 �6,700 �7,�00
Kalung� Sub county �9,400 �9,700 �0,�00 �0,700 ��,�00
Lwabyata Sub county ��,�00 ��,300 ��,600 ��,900 �3,�00
Lwampanga Sub county �4,�00 �4,700 �5,500 �5,700 �6,400
Nab�swera Sub county �6,300 �6,600 �7,000 �7,400 �7,700
Nakasongola Town counc�l 7,300 7,500 7,600 7,800 8,000
Nak�toma Sub county �0,�00 �0,300 �0,500 �0,800 ��,000
Wab�nyony� Sub county �5,400 �5,600 �6,�00 �6,500 �6,800

2008 2009 2010 2011 2012
SSEMBABULE DISTRICT 99,600 101,400 104,100 106,500 108,800
Lwem�yaga Sub county ��,500 ��,800 ��,300 ��,900 �3,�00
Ntus� Sub county �3,400 �3,800 �4,000 �4,300 �4,700
Lugusulu Sub county �4,�00 �4,500 �5,�00 �5,600 �6,�00
Lweb�takul� Sub county 54,�00 55,�00 56,500 57,600 58,800
Mateete Sub county 58,000 59,�00 60,600 6�,800 63,000
M�jwala Sub county �6,600 �7,000 �7,700 �8,300 �8,900
Sembabule Town counc�l 4,500 4,500 4,700 4,800 4,900

2008 2009 2010 2011 2012
KAYUNGA DISTRICT 159,100 161,900 166,100 169,700 173,400
Bbaale Sub county ��,400 ��,600 ��,900 ��,�00 ��,300
Gal�raaya Sub county �6,�00 �6,400 �6,800 �7,�00 �7,500
Kayonza Sub county 50,300 5�,�00 5�,400 53,500 54,400
Wabwoko-
k�t�mbwa Sub county 43,400 44,�00 45,�00 46,000 47,000

Busana Sub county 54,000 54,800 56,300 57,500 58,700
Kangulum�ra Sub county 49,�00 50,000 5�,�00 5�,�00 53,�00
Kayunga Sub county 40,300 4�,�00 4�,000 4�,900 43,800
Kayunga Town counc�l ��,�00 ��,600 �3,�00 �3,600 �4,�00
Naz�go Sub county 44,000 44,800 45,800 46,700 47,700

2008 2009 2010 2011 2012
MITYANA DISTRICT 144,700 146,700 150,000 152,600 155,300
Butayunja Sub county ��,500 ��,600 ��,800 ��,000 ��,�00
Kak�ndu Sub county �8,600 �8,800 �9,�00 �9,500 �9,900
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Maany� Sub county 33,�00 33,700 34,400 35,000 35,500
Malangala Sub county ��,000 ��,�00 ��,700 ��,�00 ��,400
Bulera Sub county 56,�00 56,800 57,900 58,800 59,800
Bus�mb� Sub county 46,700 47,500 48,400 49,�00 49,900
K�kandwa Sub county �3,400 �3,800 �4,300 �4,700 �5,�00
M�tyana Town counc�l 37,400 38,000 38,700 39,300 39,900
Ssekanyony� Sub county 43,900 44,500 45,400 46,�00 46,900

2008 2009 2010 2011 2012
NAKASEKE DISTRICT 83,100 85,800 89,300 92,600 96,000
Kapeeka Sub county �9,400 30,300 3�,400 3�,600 33,500
Kasangombe Sub county ��,400 ��,�00 ��,900 �3,700 �4,600
K�kamulo Sub county �6,800 �7,600 �8,700 �9,700 30,700
Nakaseke Sub county �3,900 �4,700 �5,700 �6,500 �7,400
Ngoma Sub county �0,000 �0,600 ��,400 ��,�00 ��,900
Semuto Sub county 30,500 3�,500 3�,700 33,900 35,000
Wakyato Sub county �4,800 �5,300 �5,800 �6,300 �7,000

2008 2009 2010 2011 2012
KALANGALA DISTRICT 30,300 32,200 34,700 37,000 39,700
Bujjumba Sub county 9,600 �0,�00 ��,000 ��,700 ��,500
Mugoye Sub county ��,400 ��,�00 �3,�00 �3,900 �4,900
Bufum�ra Sub county ��,�00 ��,900 �3,900 �4,800 �5,800
Bufum�ra �,700 �,900 3,�00 3,400 3,600
Lulamba 9,400 �0,000 �0,800 ��,400 ��,�00
Kyamuswa Sub county 4,�00 4,400 4,700 5,�00 5,500
Maz�nga Sub county 5,000 5,300 5,700 6,000 6,500

2008 2009 2010 2011 2012
MASAKA DISTRICT 394,900 397,900 404,500 409,400 413,800
B�gasa Sub county 39,400 39,800 40,300 40,700 4�,�00
Butenga Sub county 47,900 48,000 48,800 49,300 49,800
K�b�nge Sub county 33,�00 33,500 33,900 34,�00 34,600
K�tanda Sub county �7,300 �7,600 �7,900 �8,�00 �8,500
Bukakata Sub county �3,600 �3,700 �4,000 �4,000 �4,�00
Buwunga Sub county 40,600 40,900 4�,500 4�,900 4�,300
Kabonera Sub county 30,600 30,800 3�,300 3�,500 3�,800
K�sekka Sub county 46,700 46,900 47,700 48,�00 48,600
Kk�ngo Sub county 36,400 36,700 37,�00 37,600 37,900
Kyanamukaaka Sub county 47,900 48,�00 48,900 49,400 49,800
Kyazanga Sub county 44,�00 44,600 45,�00 45,700 46,�00
Lwengo Sub county 58,000 58,400 59,�00 59,800 60,300
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Malongo Sub county 35,900 36,�00 36,600 37,000 37,300
Mukungwe Sub county 37,�00 37,500 38,000 38,300 38,700
Ndagwe Sub county 35,400 35,800 36,300 36,600 37,000
Bukulula Sub county 43,�00 43,500 44,000 44,500 44,900
Kalungu Sub county 49,600 49,900 50,600 5�,�00 5�,600
Kyamul��bwa Sub county 3�,800 33,000 33,500 33,800 34,�00
Lukaya Town counc�l �5,000 �5,�00 �5,300 �5,500 �5,600
Lwabenge Sub county �9,700 �9,900 30,400 30,700 30,900
Katwe/Butego D�v�s�on �8,�00 �8,400 �8,700 �8,900 �9,000
K�manya/
Kyabakuza D�v�s�on ��,�00 ��,400 ��,600 ��,900 �3,�00

Nyendo/senyange D�v�s�on 3�,300 3�,600 3�,000 3�,300 3�,700
2008 2009 2010 2011 2012

MPIGI DISTRICT 219,800 222,600 227,300 231,100 234,900
Budde Sub county ��,600 ��,600 ��,900 �3,�00 �3,300
Bulo Sub county �7,000 �7,�00 �7,400 �7,600 �7,800
Kalamba Sub county ��,�00 ��,400 ��,700 ��,�00 ��,400
K�b�b� Sub county �6,400 �6,800 �7,�00 �7,500 �7,900
Ngando Sub county �7,000 �7,300 �7,600 �7,900 �8,�00
Kabulasoke Sub county 46,000 46,500 47,400 48,000 48,700
Kyegonza Sub county 39,800 40,�00 40,900 4�,500 4�,000
Maddu Sub county �7,�00 �7,600 �8,000 �8,400 �8,800
Mpenja Sub county 3�,400 3�,800 3�,400 3�,800 33,300
Buwama Sub county 43,700 44,�00 45,�00 45,500 46,400
Kamengo Sub county 3�,700 33,�00 33,700 34,�00 34,700
K�r�ngente Sub county �3,900 �4,�00 �4,300 �4,600 �4,800
K�tuntu Sub county ��,700 ��,900 ��,300 ��,600 ��,900
Mp�g� Town counc�l 37,300 37,600 38,300 38,900 39,400
Muduma Sub county ��,800 �3,�00 �3,500 �3,900 �4,�00
Nkoz� Sub county 3�,300 3�,600 3�,�00 3�,700 33,�00

2008 2009 2010 2011 2012
RAKAI DISTRICT 218,100 221,700 227,300 232,000 236,800
Kakuuto Sub county �9,500 �9,900 30,700 3�,400 3�,700
Kasasa Sub county �7,�00 �7,300 �7,700 �8,000 �8,400
K�banda Sub county �7,�00 �7,600 �7,900 �8,�00 �8,500
K�famba Sub county �3,700 �3,900 �4,�00 �4,400 �4,800
Kyebe Sub county �7,800 �8,�00 �8,500 �8,800 �9,�00
Byakabanda Sub county �5,300 �5,600 �5,800 �6,300 �6,600
Ddwan�ro Sub county 30,�00 30,700 3�,400 3�,000 3�,500
Kacheera Sub county �9,700 �0,�00 �0,500 �0,900 ��,�00
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Kagamba Sub county 30,600 3�,�00 3�,800 3�,300 33,000
Kyalulang�ra Sub county 30,900 3�,300 3�,�00 3�,600 33,300
Lwamaggwa Sub county 36,900 37,500 38,300 39,�00 39,700
Lwanda Sub county �7,800 �8,�00 �8,800 �9,300 �9,900
Raka� Town counc�l 6,600 6,700 6,900 7,000 7,�00
Kab�ra Sub county �9,000 �9,400 30,�00 30,700 3�,�00
Kal�s�zo Sub county 3�,000 3�,500 3�,�00 3�,600 33,300
Kasaal� Sub county �5,300 �5,700 �6,300 �6,800 �7,300
K�rumba Sub county �6,300 �6,800 �7,400 �7,900 �8,400
Kyotera Town counc�l 8,400 8,600 8,800 9,000 9,300
Lwankon� Sub county �5,600 �5,900 �6,�00 �6,500 �6,700
Nab�gasa Sub county �0,700 �0,900 ��,400 ��,800 ��,�00

2008 2009 2010 2011 2012
WAKISO DISTRICT 554,300 576,400 604,200 630,700 658,200
Kak�r� Sub county 38,000 39,600 4�,400 43,�00 45,�00
Kasanje Sub county 40,�00 4�,800 43,700 45,800 47,500
Katab� Sub county 73,600 76,500 80,000 83,500 87,�00
Masul�ta Sub county �5,600 �6,700 �8,000 �9,�00 30,500
Namayumba Sub county 33,300 34,600 36,�00 37,800 39,300
Nsang� Sub county 93,300 97,�00 �0�,600 �05,900 ��0,500
Ss�sa Sub county 58,�00 60,500 63,400 66,000 68,900
Wak�so Sub county 85,�00 88,600 9�,600 96,600 �00,800
Wak�so Town counc�l �8,700 �9,400 �0,300 ��,�00 ��,000
D�v�s�on A 40,800 4�,500 44,500 46,300 48,400
D�v�s�on B �9,400 30,600 3�,000 33,400 34,800
Busukuma Sub county 34,700 36,�00 37,800 39,400 4�,�00
Gombe Sub county 50,900 5�,900 55,300 57,700 60,�00
K�ra Sub county �58,300 �64,700 �7�,300 �79,800 �87,500
Nabweru Sub county �33,�00 �38,600 �45,�00 �5�,300 �57,800
Nangabo Sub county 7�,�00 74,000 77,500 80,800 84,�00
Ssabagabo-
Mak�ndye Sub county �73,800 �80,900 �89,�00 �97,400 �05,900

2008 2009 2010 2011 2012
LYANTONDE DISTRICT 74,000 75,300 77,100 78,700 80,200
Kal��ro Sub county �6,800 �7,�00 �7,600 �8,000 �8,�00
Kasagama Sub county 5,900 5,900 6,�00 6,300 6,300
K�nuuka Sub county 8,�00 8,�00 8,400 8,600 8,800
Lyantonde Sub county �6,�00 �6,300 �6,800 �7,�00 �7,500
Lyantonde Towncounc�l 8,400 8,600 8,700 8,900 9,�00
Mpumudde Sub county �8,700 �9,�00 �9,500 �9,800 �0,�00
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APPENDIX 2: WATER RESOURCES DATA

APPENDIX �a: Surface Water Mon�tor�ng Network �n Uganda

Append�x �b: Groundwater Mon�tor�ng Network �n Uganda

Append�x �c: Water Qual�ty Mon�tor�ng Network �n Uganda

Append�x �d: Ra�nfall D�str�but�on �n Uganda

Append�x �e: Ra�n Gauge Locat�ons �n Uganda
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APPENDIX 2a: Surface Water Monitoring Network in Uganda

Source: UNWD Report, 2006
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SURFACE WATER MONITORING STATIONS
STATION ID STATION NAME
8��43 R. S�p� at Mbale Moroto Rd
8��4� R. S�mu at Mbale Moroto Rd
8��40 R. S�ronko at Mbale Moroto Rd
8��3� R. Kel�m (Greek) at Mbale Moroto Rd
8���8 R. Namalu at Mbale Moroto Rd
8���7 R. Kap�r� at Kum� Sorot� Rd
8���� R. Abuket at Kum� Serere Rd
8���� R. Agu at Kum� Serere Rd
8���8 R. Malaba at J�nja - Tororo Rd
8���7 R. Mpologoma at Budumba
8���3 R. Namatala at Mbale Sorot� Rd
8���� R. Manafwa at Mbale Tororo Rd
8��03 R. V�ctor�a N�le at Mbulamut�
8��69 R. S�o at Luhalal� near Bunadet�
84��� R. Mpanga at Kampala - Fort Portal Rd
83��9 R. K�gwe at Semuto - Wobulenz� Rd
83��8 R. Mayanja at Kapeeka - Kakunga Rd
8���5 R. Sez�bwa at Falls
8��68 Nak�vubo Channel - Ra�lway Br�dge
8��67 Nak�vubo Channel - 5th Street
8��66 L. Wamala at Lubajja
8��60 R. K�b�mba at K�non� - Mubende Rd
8��59 R. Katonga at Kampala - Masaka Rd
8���6 R. Kak�nga Index Catchment
8��0� L. V�ctor�a at J�nja P�er
87��8 R. Nyagak at Nyapea
87��7 R. Albert N�le at Larop�
87��� R. Ora at Inde - Pakwach Rd
87�08 R. Oru at Arua - Yumbe Rd
87�06 R. Anyau at Arua - Moyo Rd
85��7 R. Wak� II at B��so - Ho�ma Rd
85��� R. Nkuss� at Kyenjojo - Ho�ma Rd
85��� R. Muz�z� at Kyenjojo - Ho�ma Rd
83��3 R. Kafu at Kampala - Gulu Rd
83��� R. Toch� II at Gulu - Atura Rd
83�09 R. Kyoga N�le at Paraa
83�03 R. Kyoga N�le at Mas�nd� Port
85�0� L. Albert at But�aba
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SURFACE WATER MONITORING STATIONS
STATION ID STATION NAME
8��05 L. Kwan�a at Kachung
8��0� L. V�ctor�a at Entebbe P�er
8���3 R. Kagera at Masangano
8���4 R. Ru�z� at Mbarara Water Works
8��58 R. Bukora at Katera
8���4 R. Ru�z� at Mbarara Water Works
8��58 R. Bukora at Katera
8��48 R. Nyak�zumba at Maz�ba
8��70 R. Bukora at Mutukula - Kyotera
8��7� R. K�soma at Mutukula - Kyotera Rd
8��7� R. Ru�z� at New Waterworks
8��0� L. Kyoga at Bugondo P�er
84�06 L. Edward at Katwe
8��7� R. K�soma at Mutukula - Kyotera Rd
8��74 R. K�soma Upper Stream at Kyotera
8��0� L. Kyoga at Bugondo P�er
8��45 R. Akokor�o at Sorot� - Katakw� Rd
8��5� R. Omunyal Upper at T�r�r�r� Rd
8��54 R. Mpologoma at T�r�ny�-Mbale Rd
83�06 R. Kyoga N�le at Kamd�n�
8���0 R. Enget at Bata - Dokolo Rd
8��73 R. Lwanda at Kyotera - Raka� Rd
84�07 L. George at Kaseny�
84��5 R. Mpanga at Fort Portal - Ibanda
84��7 R. Chambura at K�chwamba
84��8 R. Nyamugasan� at Katwe - Za�re Rd
84�67 R. M�tano at Kanungu - Rwensama Rd
87��� R. Albert N�le at Larop� (87���)
87��� R. Albert N�le at Panyango. (87���)
8��39 R. Long�ro - Near Kot�do
84�5� L. Bunyony� at Bwama Island
85�05 R. Seml�k� at Bweramule
85��4 R. Wambabya at Buseruka
86�0� R. Aswa I at Puranga
86�0� R. Aswa II at Gulu - K�tgum Rd
86��� R. Pager at K�tgum
86��3 R. Agago at K�tgum - L�ra Rd
87�07 R. Ayug� at At�ak - Larop� Rd
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Appendix 2b: Groundwater Monitoring Network in Uganda

Source: UNWD Report, 2005
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Groundwater Monitoring Stations

Station Type Of Aquifer Monitoring Purpose

Nkokonjeru Bedrock Mon�tor effects of product�on borehole 
(groundwater abstract�on)

00� – Pall�sa (Asera Home) Bedrock Mon�tor reg�onal change/ seasonal 
groundwater fluctuation

003 – Kangole (Moroto) Bedrock Mon�tor effects of product�on borehole 
(groundwater abstract�on)

004 – Moroto pr�son Bedrock Mon�tor effects of product�on borehole 
(groundwater abstract�on)

005 – Bombo Barracks Regol�th and bedrock Mon�tor effects of product�on borehole 
(groundwater abstract�on)

006 - Ho�ma Hosp�tal Regol�th and bedrock Mon�tor effects of product�on borehole 
(groundwater abstract�on)

007 - Raka� (C�v�c centre) Regol�th and bedrock Mon�tor reg�onal change / seasonal 
groundwater fluctuation

008 – Lyantonde (Kyabazara) Regol�th and Bedrock Mon�tor reg�onal change / seasonal 
groundwater fluctuation

009 - Mbarara UNICEF 
Camp Bedrock Mon�tor reg�onal change / seasonal 

groundwater fluctuation

0�0 - Rukung�r� Bedrock Mon�tor effects of product�on borehole 
(groundwater abstract�on)

013 - Apac-DWD Offices Regol�th Mon�tor reg�onal change / seasonal 
groundwater fluctuation

0�� - Apac-Loro CPAR 
offices) Regol�th Mon�tor reg�onal change / seasonal 

groundwater fluctuation

0�4 - Sorot� Bedrock Mon�tor reg�onal change / seasonal 
groundwater fluctuation

0�5 - Nkoz� Un�vers�ty Regol�th and bedrock Mon�tor effects of product�on borehole 
(groundwater abstract�on)

0�6 – WRMD (Entebbe) Bedrock Mon�tor reg�onal change/ seasonal 
groundwater fluctuation
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Appendix 2c: Water Quality Monitoring Network in Uganda

Source: UNWD Report, 2005
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Water Quality Monitoring Stations

Site_Id Site Name

MIP0�� Natete Stream

MIP0�7 K�nawataka swamp

PWS004 Nyaruz�nga Water Works - Busheny�(Intake)

PWS004A Nyaruz�nga Water Works - Busheny�(Treated Water)

STS00�A Fort Portal Sewerage Works (After d�scharge)

GS �943 Apac Hosp�tal Borehole

GWS00� Port Bell Ground Water S�te at PortBell - Kampala

GWS00� Nkokonjeru Ground water S�te - Mukono

GWS003 Mbarara Ground Water S�te at UNICEF Camp - Mbarara

GWS004 Bombo Ground Water S�te at Bombo Army Barracks - Luwero

GWS005 Bus�a Ground Water S�te

GWS006 Sorot� Ground Water S�te at DWD Camp,Otuchop� - Sorot�

GWS007 Morul�nga Ground Water S�te at Kangole - Moroto

GWS008 Moroto Ground Water S�te at Pr�son Barracks - Moroto

GWS009 Kabong Ground Water S�te at Kabong Hosp�tal - Kot�do

GWS0�0 Apac Ground Water Site at DWD Offices - Apac

GWS0�� Raka� Ground Water S�te at C�v�c Centre - Raka�

GWS0�3 Lyantonde Ground Water S�te at Kyabazala, Lyantonde - Rak

GWS0�4 Kasese Ground Water S�te at Kasese Cobalt Co. Ltd - Kases

GWS0�5 Loro Ground Water S�te at CPAR Tree Nursery, Loro - Apac

GWS0�6 Ho�ma Ground Water S�te at Ho�ma Hosp�tal - Ho�ma

GWS0�7 Osera Ground Water S�te - Pall�sa

GWS0�8 Nkoz� Ground Water S�te - Mp�g�

GWS0�9 Rukung�r� Ground Water S�te - Rukung�r�

MIP00� R. Ru�z� at NWSC New Water Treatment Works

MIP00� R. Ru�z� at NWSC Old lagoons

MIP00�A R. Ru�z� at NWSC Lagoons(After d�scharge)

MIP003 NWSC Lagoons - Mbarara (Effluent Discharge)

MIP004 R. Ru�z� Downstream of FREBA Tennery

MIP005 Nakay�ba stream at NWSC Lagoons (Before d�scharge)

MIP005A Nakay�ba stream at NWSC Lagoons (After d�scharge)

MIP006 Nakay�ba stream at Nyendo - Masaka road
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Water Quality Monitoring Stations

Site_Id Site Name

MIP007 Nakay�ba at Mbarara by Pass (Kyakump�)

MIP008 Masaka NWSC Lagoons(Effluent Discharge)

MIP009 Nak�vubo Channel ( Br�dge over Port Bell Ra�lway L�ne)

MIP0�0 Nalukolongo Channel

MIP0�� Bwa�se stream (Upstream)

MIP0�3 Bwa�se stream (Downstream)

MIP0�4 Lugogo Channel

MIP0�5 K�tante stream

MIP0�6 Bat Valley stream (Spr�ng)

MIP0�8 Kyambogo stream

MIP0�9 L. V�ctor�a at K�r�nya Bay oppos�te NWSC Lagoons

MIP0�0 L. V�ctor�a at Masese

MIP0�� R. N�le at Owen Falls Br�dge

MIP0�� Mbale NWSC Old Lagoons (Effluent Discharge)

MIP0�3 Mbale NWSC New Lagoons (Point of Confluence)

MIP0�4 Mbale Soap Works (Ra�lway Br�dge)

MIP0�5 Mbale Soap Works (Up Stream)

MIP0�6 R�ver Lwakhaka (Road Br�dge Kenya - Uganda Border)

MIP0�7 R. Nyamwamba at Kasese - K�lembe road

MIP0�8 R. Rukok� at Kasese - F/Portal road

MIP0�9 R. Rukok� at Kasese - Kampala Ra�lway Br�dge(Before d�scharge)

MIP0�9A R. Rukok� at Kasese - Kampala Ra�lway Br�dge (After d�scharge)

MIP030 R. Sebwe at Kasese - F/Portal road

MIP03� R. Rukoki (KCCL Effluent)

PWS00� Sorot� Water Works(�ntake)

PWS00�A Sorot� Water Works (Treated Water)

PWS00�B Sorot� Water Works (D�str�but�on)

PWS00� Mas�nd� Water Works (Intake)

PWS00�A Mas�nd� Water Works (Treated Water)

PWS00�B Mas�nd� Water Works (D�str�but�on)

PWS003 Arua Water Works (Intake)

PWS003A Arua Water Works (Treated Water)
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Water Quality Monitoring Stations

Site_Id Site Name

PWS003B) Arua Water Works (D�str�but�on

PWS004B Nyaruz�nga Water Works – Busheny� (D�str�but�on)

SWR0�7 R. Ru�z� NWSC Treated water reservo�r

STS00� Soroti Sewerage Works (Influent)

STS00�A Soroti Sewerage Works (Effluent)

STS00� Fort Portal Sewerage Works (Effluent)

STS00�B Fort Portal Sewerage Works (Before d�scharge) R. Mugunu

SWL00� L. Nabugabo at Green V�ew

SWL00� L. K�jjan�barora at K�bona V�llage

SWL003 L. Nak�val� at Ruk�nga F�sh�ng V�llage

SWL004 L. Wamala at K�t�n�ka F�sh�ng V�llage

SWL005 L. Kyoga at Bukungu

SWL006 L. Kwan�a at Nabyeso

SWL007 L. Albert at But�aba

SWL008 L . George at Kaseny�

SWL009 L. Edward at Katwe

SWL0�0 L. Bunyony� at Kyabah�nga

SWR00� R. Katonga at Kampala - Masaka road

SWR00� R. Katonga at Kabamba - Nkonge road

SWR003 R. Bukoora at Kasensero road

SWR004 R. Sez�bwa at Sez�bwa Falls

SWR005 R. N�le at Mas�nd� Port

SWR006 R. Lumbuye at Kal�ro - Nawa�koke road

SWR007 R. Mpologoma at Budumba

SWR008 R. Malaba at Bus�tema

SWR009 R. Manafwa at NWSC Treatment Works

SWR0�0 R. S�mu at Mbale - Moroto road

SWR0�� R. S�p� at Mbale - Moroto road

SWR0�� R. Namalu at Mbale - Moroto road

SWR0�3 R. Olumot at Sorot� - Moroto road

SWR0�4 R. Oman�man at Kangole Trad�ng Centre

SWR0�5 R. Lokor�moru at Nyakwa� - Matany road
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Water Quality Monitoring Stations

Site_Id Site Name

SWR0�6 R. Alamacha at Lope�

SWR0�7 R. Moroto at Alo� - Adwar� road

SWR0�8 R. Toch� at L�ra - Kamd�n� road

SWR0�9 R. N�le at Mbulamut� Cable Way

SWR0�0 R. Kafu at Kampala - Gulu road

SWR0�� R. Nkuz� at F/Portal - Ho�ma road

SWR0�� R. Muz�z� at F/Portal - Ho�ma road

SWR0�3 road R. Mpanga at Kamwenge - Ibanda

SWR0�4 R. Mpanga at Mubende - Fortportal road

SWR0�5 R. Mubuku at F/Portal - Kasese road

SWR0�6 R. M�tano/M�rara at Rukung�r� - Kambuga road

SWL0�0 L. Bunyony� at Kyabah�nga



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 15‑23

Appendix 2d: Rainfall Distribution in Uganda

Source: Uganda Atlas (2009
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Appendix 2e: Rain Gauge Locations in Uganda



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 15‑25

APPENDIX 3: WORLD HEALTH ORGANISATION GUIDELINES ON DRINKING 
WATER QUALITY

Append�x 3a: Gu�del�ne values for chem�cals from �ndustr�al sources and human dwell�ngs 
that are of health significance in drinking-water

Append�x 3b: Gu�del�ne values for pest�c�des that were prev�ously used for health purposes 
and are of health significance in drinking-water

Appendix 3c: Guideline values for naturally occurring chemicals of health significance in 
dr�nk�ng-water

Append�x 3d: Gu�del�ne values for chem�cals used �n water treatment or mater�als �n contact 
with drinking water that are of health significance in drinking-water

Append�x 3e: Internat�onal Organ�zat�on for Standard�zat�on (ISO) standards for detect�on 
and Enumerat�on of Faecal Col�forms.

Appendix 3f: WHO (2011) Guideline values for verification of microbial quality of drinking 
water

Append�x 3g:  Max�mum M�crob�olog�cal L�m�ts of Dr�nk�ng Water

Append�x 3h:  Gu�del�nes for D�str�buted Water

Append�x 3�:  Requ�rements for Naturally Occurr�ng Chem�cals

Append�x 3j:  Requ�rements for Chem�cals used �n Water Treatment�

Append�x 3k:  Requ�rements for Res�dues of Agr�cultural Chem�cals

Append�x 3l:  Requ�rements for Chem�cals from Industr�al Sources

Append�x 3m:  Requ�rements for Rad�oact�ve Matter �n Dr�nk�ng Water

Append�x 3n:  Requ�rements Affect�ng Organolept�c and Phys�cal Character�st�cs

Append�x 3o:  Parameters for Surve�llance of Dr�nk�ng Water Safety

Append�x 3p: Recommended Parameters for Actual Mon�tor�ng w�th Respect�ve Frequency 
and Key Sampl�ng S�tes

Append�x 3q:  Sampl�ng for Rural Suppl�es

Append�x 3r: Gu�del�ne values for chem�cals from agr�cultural act�v�t�es that are of health 
significance in drinking-water

Append�x 3s:  D�s�nfect�on by-products present �n d�s�nfected water

Appendix 3t:  Inorganic Constituents of Health significance

Appendix 3u:  Organic Constituents of Health significance

Append�x 3v:  Des�rable aesthet�c qual�ty



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 15‑26

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

Appendix 3a: Guideline values for chemicals from industrial sources and human dwell-
ings that are of health significance in drinking‑water

Guideline value

Chemical μg/l mg/l Remarks

Inorganic
Cadn�um 3 0.003
Mecury 6 0.006
Boron �400 �.4
Organic
Benzene �0a 0.0�a

Carbon tetrachlor�de 4  0.004

�,�-D�chlorobenzene �000 
(C) � (C)

�,4-D�chlorobenzene 300 (C) 0.3 (C)
�,�-D�chloroethane 30a 0.03a

�,�-D�chloroethene 50 0.05
D�chloromethane �0 0.0�
D�(�-
ethylhexyl)phthalate 8 0.008

�,4-D�oxane 50a 0.05a Der�ved us�ng TDI approach as well as l�near 
mult�stage modell�ng

Edet�c ac�d 600 0.6 Appl�es to the free ac�d

Ethylbenzene 300 (C) 0.3 (C)

Hexachlorobutad�ene 0.6 0.0006

N�tr�lotr�acet�c ac�d �00 0.�

Pentachlorophenol 9a (P) 0.009a 

(P)
Styrene �0 (C) 0.0� (C)

Tetrachloroethene 40 0.04

Toluene 700 (C) 0.7 (C)

Tr�chloroethene �0 (P) 0.0� (P)

Xylenes 500 (C) 0.5 (C)

C, concentrat�ons of the substance at or below the health-based gu�del�ne value may affect the 
appearance, taste or odour of the water, lead�ng to consumer compla�nts; P, prov�s�onal gu�del�ne 
value because of uncerta�nt�es �n the health database
aFor non-threshold substances, the gu�del�ne value �s the concentrat�on �n dr�nk�ng-water assoc�ated 
w�th an upper bound excess l�fet�me cancer r�sk of �0−5 (one add�t�onal case of cancer per �00 000 of 
the populat�on �ngest�ng dr�nk�ng-water conta�n�ng the substance at the gu�del�ne value for 70 years). 
Concentrat�ons assoc�ated w�th est�mated upper-bound excess l�fet�me cancer r�sks of �0−4 and �0−6 
can be calculated by mult�ply�ng and d�v�d�ng, respect�vely, the gu�del�ne value by �0.
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Appendix 3b: Guideline values for pesticides that were previously used for health pur-
poses and are of health significance in drinking‑water

Pesticides previously used for public health purposes Guideline value

μg/l mg/l
DDT and metabol�tes � 0.00�

Appendix 3c: Guideline values for naturally occurring chemicals of health significance 
in drinking-water

Guideline value
Chemical μg/l mg/l Remarks

Inorganic

Arsen�c �0 (A, T) 0.0� (A, T)

Bar�um 700 0.7
Boron �400 �.4
Chrom�um 50 (P) 0.05 (P) For total chrom�um

Fluor�de �500 �.5
Volume of water consumed and �ntake from other 
sources should be cons�dered when sett�ng nat�onal 
standards

Selen�um 40 (P) 0.04 (P)
Uran�um 30 (P) 0.03 (P) Only chem�cal aspects of uran�um addressed
Organic
M�crocyst�n-LR � (P) 0.00� (P) For total m�crocyst�n-LR (free plus cell-bound)

A, provisional guideline value because calculated guideline value is below the achievable quantification 
level; P, prov�s�onal gu�del�ne value because of uncerta�nt�es �n the health database; T, prov�s�onal 
gu�del�ne value because calculated gu�del�ne value �s below the level that can be ach�eved through 
pract�cal treatment methods, source protect�on, etc.

Appendix 3d: Guideline values for chemicals used in water treatment or materials in 
contact with drinking water that are of health significance in drinking‑water

Guideline valuea

Chemical μg/l mg/l Remarks
Disinfectants

Chlor�ne 5000 (C) 5 (C)

For effect�ve d�s�nfect�on, there
should be a res�dual concentrat�on
of free chlorine of ≥ 0.5 mg/l after
at least 30 m�n contact t�me at pH
< 8.0. A chlor�ne res�dual should
be ma�nta�ned throughout the
d�str�but�on system. At the po�nt
of del�very, the m�n�mum res�dual
concentrat�on of free chlor�ne should
be 0.� mg/l.
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Guideline valuea

Chemical μg/l mg/l Remarks
Monochloram�ne 3 000 3
Sod�um 50 000 50 As sod�um d�chloro�socyanurate
d�chloro�socyanurate 40 000 40 As cyanur�c ac�d

μg/l mg/l
Disinfection by-products

Bromate �0a (A, T) 0.0�a (A, T)

Disinfection by-products

Bromate �0a (A, T) 0.0�a (A, T)

Bromod�chloromethane 60a 0.06a

Bromoform �00 0.�
Chlorate 700 (D) 0.7 (D)
Chlor�te 700 (D) 0.7 (D)
Chloroform 300 0.3
D�bromoaceton�tr�le 70 0.07
D�bromochloromethane �00 0.�
D�chloroacetate 50 a (D) 0.05 a (D)

D�chloroaceton�tr�le �0 (P) 0.0� (P)

Chemical μg/l mg/l Remarks
Monochloroacetate �0  0.0�
N-
N�trosod�methylam�ne 0.� 0.000�

Tr�chloroacetate �00  0.�
�,4,6-Tr�chlorophenol �00 a (C) 0.� a (C)

Tr�halomethanes
The sum of the rat�o of the concentrat�on 
of each to �ts respect�ve gu�del�ne value 
should not exceed �

Contaminants from treatment chemicals
Acrylam�de 0.5a  0.0005a
Ep�chlorohydr�n 0.4 (P) 0.0004 (P)
Contaminants from pipes and fittings
Ant�mony �0 0.0�
Benzo[a]pyrene 0.7a 0.0007a
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Guideline valuea

Chemical μg/l mg/l Remarks

Copper �000 � Sta�n�ng of laundry and san�tary ware
may occur below gu�del�ne value

Lead �0 (A, T) 0.0� (A, T)
N�ckel 70 0.07
V�nyl chlor�de 0.3 a 0.0003 a

A, provisional guideline value because calculated guideline value is below the achievable quantification 
level; C, concentrat�ons of the substance at or below the health-based gu�del�ne value may affect the 
appearance, taste or odour of the water, lead�ng to consumer compla�nts; D, prov�s�onal gu�del�ne 
value because d�s�nfect�on �s l�kely to result �n the gu�del�ne value be�ng exceeded; P, prov�s�onal 
gu�del�ne value because of uncerta�nt�es �n the health database; T, prov�s�onal gu�del�ne value because 
calculated gu�del�ne value �s below the level that can be ach�eved through pract�cal treatment methods, 
source control, etc.

a For substances that are cons�dered to be carc�nogen�c, the gu�del�ne value �s the concentrat�on �n 
drinking-water associated with an upper-bound excess lifetime cancer risk of 10−5 (one additional 
case of cancer per �00 000 of the populat�on �ngest�ng dr�nk�ng-water conta�n�ng the substance at 
the gu�del�ne value for 70 years). Concentrat�ons assoc�ated w�th est�mated upper-bound excess 
lifetime cancer risks of 10−4 and 10−6 can be calculated by multiplying and dividing, respectively, 
the gu�del�ne value by �0.

Appendix 3e: International Organization for Standardization (ISO) standards for detec-
tion and Enumeration of Faecal Coliforms.

ISO standard Title (water quality)

646�-�:�986 Detection and enumeration of the spores of sulfite-reducing anaerobes 
(clostr�d�a)—Part �: Method by enr�chment �n a l�qu�d med�um

646�-�:�986 Detection and enumeration of the spores of sulfite-reducing anaerobes 
(clostridia)—Part 2: Method by membrane filtration

7704:�985 Evaluation of membrane filters used for microbiological analyses

9308-�:�000 Detect�on and enumerat�on of Escherichia coli and col�form bacter�a—Part �: 
Membrane filtration method

9308-�:�990 Detect�on and enumerat�on of col�form organ�sms, thermo-tolerant col�form 
organ�sms and presumpt�ve Escherichia coli—Part �: Mult�ple tube (most 
probable number) method

9308-3:�998 Detect�on and enumerat�on of Escherichia coli and col�form bacter�a—Part 3: 
M�n�atur�zed method (most probable number) for the detect�on and enumerat�on 
of E. coli �n surface and waste water

�0705-�:�995 Detect�on and enumerat�on of bacter�ophages—Part �: Enumerat�on of F-
specific RNA bacteriophages

�0705-�:�000 Detect�on and enumerat�on of bacter�ophages—Part �: Enumerat�on of somat�c 
col�phages

�0705-3:�003 Detect�on and enumerat�on of bacter�ophages—Part 3: Val�dat�on of methods 
for concentrat�on of bacter�ophages from water

�0705-4:�00� Detect�on and enumerat�on of bacter�ophages—Part 4: Enumerat�on of
bacter�ophages �nfect�ng Bacteroides fragilis
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Appendix 3f: WHO (2011) Guideline values for verification of microbial quality of 
drinking water

Organisms Guideline value

All water directly intended for drinkinga

E. col� or thermo-tolerant col�form bacter�a Must not be detectable �n any �00ml 
sample

Treated water entering the distribution systemb

E .col� or thermo-tolerant col�form bacter�a Must not be detectable �n any �00ml 
sample

Treated water in the distribution systemc

E. col� or thermo-tolerant col�form bacter�a Must not be detectable �n any �00ml 
sample

aImmed�ate �nvest�gat�on �f E.coli are detected.
bAlthough E.coli are a more prec�se �nd�cator of faecal pollut�on, thermo-tolerant col�form �s an 
alternative. If necessary confirmatory tests should be carried out. Total coliform bacteria are not 
acceptable �nd�cators of the san�tary qual�ty of water suppl�es, part�cularly �n trop�cal areas where 
many bacteria of no sanitary significance occur in almost all untreated water supplies. 
cIt �s recogn�zed that �n the great major�ty of rural water suppl�es espec�ally �n develop�ng countr�es 
faecal contam�nat�on �s w�despread. Espec�ally under these cond�t�ons, med�um term targets for the 
progress�ve �mprovement of water suppl�es should be set.

Appendix 3g: Maximum Microbiological Limits of Drinking Water

Microorganism 

Allowable compliance limits and contribution of 
samples, % a)

Method of test 

M�n�mum 95%
Max�mum 
of 4% of 
samples

Max�mum of �% 
of samples

Heterotroph�c plate count, 
count/mL �00 � 000 �0 000 US ISO 6���

Total col�form bacter�a 
count b), count/�00 mL Not detected �0 �00 US ISO 9308-�

E. coli, count b),/�00 mL Not detected Not detected �
Clostridium perfringens 
(�nclud�ng v�able spores), 
count/�00 mL 

Not detected Not detected Not detected Annex A

Somat�c col�phages count, 
count/�0 mL Not detected � �0 US ISO �0705-

�

Enter�c v�ruses count, 
count/�00 L Not detected � �0 Annex A

Protozoan 
paras�tes (Giardia/
Cryptosporidium) count, 
count/ �0 L 

Not detected Not detected � US ISO �5553

a), The allowable compl�ance contr�but�on shall be at least 95 % of the samples to conform to the l�m�ts 
of �00 CFU/mL, and a max�mum of 4 % and � % of samples, respect�vely, to conform to the l�m�ts of 
�000 CFU/mL and �0 000 CFU/mL. The object�ve of d�s�nfect�on should, nevertheless, be to atta�n 
�00 % compl�ance to the l�m�t of �00 CFU/�00mL. 
b), In most �nstances �t w�ll not be necessary to conduct both these tests; one or the other w�ll normally 
suffice as the required indicator. 
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Appendix 3h: Guidelines for Distributed Water

Parameter Unit Guideline 
Value Remarks

A. PIPED WATER 
SUPPLIES

A.� Treated water enter�ng the 
d�str�but�on system

Faecal Col�forms 
Col�form Organ�sms

Number/
�00ml 
Number/
�00ml

Zero
Zero

Turb�d�ty < � NTU; for 
d�s�nfect�on w�th chlor�ne. 
pH preferably<8.0. free 
chlor�ne res�dual 0.�-0.5 
mg/l follow�ng 33 m�nutes 
(m�n�mum) contact

A.� Untreated water enter�ng 
the d�str�but�on system

Faecal col�forms Number/
�00ml Zero

Col�form Organ�sms Number/
�00ml Zero

In 98% of samples 
exam�ned throughout the 
year for large suppl�es 
with sufficient samples 
exam�ned.

Col�form Organ�sms Number/
�00ml 3 In occas�onal sample but 

not �n consecut�ve samples

A.3 Water �n d�str�but�on system

Faecal col�forms Number/
�00ml Zero

Col�form Organ�sms Number/
�00ml Zero

In, 95% of samples 
exam�ned throughout the 
year for large suppl�es 
with sufficient samples 
exam�ned.

Col�form Organ�sms Number/
�00ml 3 In occas�onal samples but 

not �n consecut�ve samples.

B. UNPIPED WATER 
SUPPLIES

Faecal Col�forms Number/
�00ml Zero

Col�form Organ�sms Number/
�00ml �0

Not occurr�ng repeatedly. 
Repeated occurrence and 
fa�lure to �mprove san�tary 
protect�on, alternate source 
to be found �f poss�ble
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Appendix 3i: Requirements for Naturally Occurring Chemicals

Chemical Maximum limit, mg/L Method of test 
Class I Class II 

Arsen�c 0.0� calculated as total As 0.05 FDUS ISO ��969
Bar�um 0.7 �.0 Annex A 
Boron �.0 US ISO 9390,
Chrom�um 0.05 calculated as total Cr. 0.05 US ISO 9�74 
Fluor�de �.0 �.5 US ISO �0359-� 
Manganese �.0 0.� US ISO 6333 
Molybdenum 0.07 Annex A
Selen�um 0.0� 0.0� US ISO 9965 
Uran�um 0.0�5 0.0�5 Annex A 
Mercury 0.00� 0.00� US ISO �6590 

Appendix 3j: Requirements for Chemicals used in Water Treatment2

Chemical Required limit, max, mg/L Method of test 
Acrylam�de 0.000� * 
Ant�mony 0.005 Annex A 
Benzo[a]pyrene 0.000� * 
Bromate 0.0� US ISO �506�
Bromod�chloromethane 0.06 * 
Bromoform 0.� * 
Chlorate 0.7 * 
Chlor�ne 5 US ISO 7393-�
Chlor�te 0.7 * 
Chloroform 0.3 * 
Copper � US ISO 8�88 
Cyanogen chlor�de 0.07 US ISO 6703-3
D�bromoaceton�tr�le 0.07 * 
D�bromochloromethane 0.� * 
D�chloroacetate 0.05 * 
Ep�chlorohydr�n 0.000� * 
Lead 0.0� US ISO 8�88 
Monochloroacetate 0.0� * 
Monochloroam�ne 3 * 
N�ckel 0.0� US ISO 8�88 
Tr�chloroacetate 0.� * 
Tr�chlorophenol, �,4,6- 0.� * 
Tr�halomethanes3, total 0.� * 
V�nyl chlor�de 0.0003 * 
* Methods of test of the ASTM or APHA may be used (see Annex A) 
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�) Includes d�s�nfectants, d�s�nfect�ons by products, contam�nants from treatment chem�cals and 
contaminants from pipes and fittings 

3) Tr�halomethanes (bromoform, bromod�chloromethane, d�bromochloromethane, chloroform) are 
formed �n dr�nk�ng-water pr�mar�ly as a result of chlor�nat�on of organ�c matter present naturally �n raw 
water suppl�es. 

Appendix 3k: Requirements for Residues of Agricultural Chemicals

Chemical Maximum limit, 
mg/L, Max. Remarks 

Alachlor 0.0� a) 

Ald�carb 0.0� Appl�es to ald�carb sulfox�de and 
ald�carb sulfone 

Aldr�n and d�eldr�n 0.00003 For comb�ned aldr�n plus d�eldr�n 
Atraz�ne 0.00� a) 
Chlordane 0.000� Currently 0.0003 
Chlorpyr�fosb) 0.03 a) 
Chlorotoluron 0.03 a) 
�,4-D (�,4-d�chlorophenoxyacet�c 0.03 Appl�es to free ac�d ac�d) 
�,4-DB 0.09 a) 
DDT and metabol�tes b) 0.00� a) 
D�chlorprop 0.� a) 
D�methoate 0.006 a) 
Endr�n 0.0006 a) 
Fenoprop 0.009 a) 
Isoproturon 0.009 a) 
L�ndane 0.00� a) 
MCPA 0.00� a) 
Mecoprop 0.0� a) 
Methoxychlor 0.0� a) 
Metolachlor 0.0� a) 
Mol�nate 0.006 a) 
N�trate (as NO3) 50 Short-term exposure 

N�tr�te (as NO�) 3 Short-term exposure 
0.� Long-term exposure 

Permethr�n b) 0.3 Only when used as a larv�c�de for 
Pyr�proxyfen b) 0.3 a) 
S�maz�ne 0.00� a) 
�,4,5-T 0.009 a) 
Terbuthylaz�ne 0.007 a) 

a) Methods of test of the ASTM or APHA may be used (see Annex A) 
b) Chem�cals used �n water for publ�c health purposes such as treatment of mosqu�to nets and larv�c�dal 
effects on water surfaces
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Appendix 3l: Requirements for Chemicals from Industrial Sources

Chemical Required limit, mg/L , max Method of test 

Benzene 0.00� US ISO ��4�3-� US ISO 
��4�3-�

Cadm�um 0.003 US ISO 596� 
US ISO 8�88 

Carbon tetrachlor�de 0.004 * 
Cyan�de 0.07 US ISO �4403
D�(�-ethylhexyl)phthalate 0.008 * 
D�chlorobenzene, �,�- � * 
D�chlorobenzene, �,4- 0.3 * 
D�chloroethane, �,�- 0.03 * 
D�chloroethene, �,�- 0.05 * 
D�chloromethane 0.0� * 
D�oxane, �,4- 0.05 * 
Edet�c ac�d (EDTA) 0.6 Appl�es to the free ac�d 
Ethylbenzene 0.3 * 
Hexachlorobutad�ene 0.0006 * 
N�tr�lotr�acet�c ac�d (NTA) 0.� * 
Pentachlorophenol 0.009 * 
Styrene 0.0� * 
Tetrachloroethene 0.04 * 
Toluene 0.7 * 
Tr�chloroethene 0.0� * 
Xylenes 0.5 * 
* Methods of test of the ASTM or APHA may be used (see Annex A) 

Appendix 3m: Requirements for Radioactive Matter in Drinking Water

Total radioactivity present in the form of Maximum limit 
Total beta act�v�ty (except K40 and H3) * � Bq/l
Total alpha act�v�ty 0.5 Bq/l

* The contr�but�on of potass�um-40 to beta act�v�ty shall be calculated us�ng beta act�v�ty of �7.6 
Bq/g of stable potass�um and subtracted from total beta act�v�ty. If beta act�v�ty levels are h�gher than 
� Bq/l after adjust�ng for potass�um-40 beta act�v�ty due to tr�t�um shall be determ�ned and shall not 
exceed �00 Bq/l.
A Becquerel (Bq) �s a un�t of rad�oact�v�ty.
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Appendix 3n: Requirements Affecting Organoleptic and Physical Characteristics

Characteristic 
Requirement levels 

Method of test 
Class I Class II 

Colour �5 true colour un�ts (TCU) �5 true colour un�ts (TCU) US ISO 7887 

Taste Acceptable to consumers 
and no abnormal changes 

Acceptable to consumers 
and no abnormal changes - 

Odour Acceptable to consumers 
and no abnormal changes 

Acceptable to consumers 
and no abnormal changes Annex A 

Electr�cal 
conduct�v�ty, at �5oC 1500 μS/cm 2500 μS/cm US ISO 7888 

pH 5.5 – 8.5 6.5 – 8.5 US ISO �05�3 

Turb�d�ty 5 Nephelometr�c Turb�d�ty 
Un�ts 

�0 Nephelometr�c 
Turb�d�ty Un�ts US ISO 70�7

Total d�ssolved sol�ds 
(TDS) 500 mg/L � 500 mg/L Annex A 

Iron 0.� mg/L � mg/L US ISO 633�,
Ammon�a 0.5 mg/L �.0 mg/L US ISO 5664 

Alum�n�um 0.� mg/L 0.� mg/L US ISO �0566 
US ISO ��0�0 

Potass�um as K, mg/l, 
max. 50 �00 US ISO 9964-� 

Sod�um as Na, mg/l, 
max. �00 mg/L 400 mg/L US ISO 9964-� 

Chlor�de �50 mg/L 500 mg/L US ISO �0304-
� 

Magnes�um �00 mg/L �50 mg/L 
US ISO 6058, 
US ISO 6059 
US ISO 7980 

Appendix 3o: Recommended Parameters for Actual Monitoring with Respective Fre-
quency and Key Sampling Sites

Parameters
Raw water intake:
Surface water or 
Groundwater

Production
At supply area/
distribution 
Networks

PHYSIO-CHEMICAL PARAMETERS
Appearance   

Smell/odour   

Taste   

pH   

Temperature   

Electrical conductivity   

Colour   
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Parameters
Raw water intake:
Surface water or 
Groundwater

Production
At supply area/
distribution 
Networks

Turbidity   

D�ssolved oxygen 

D�ssolved carbon d�ox�de 

Alkal�n�ty (phenolphthale�n)   

Alkal�n�ty (Total)   

Hardness   

Chlor�de   

Fluor�de   

Sulphate   

Carbonate 

Alum�n�um  

Iron   

Manganese   

N�trogen-ammon�a  

N�trogen-n�trate   

Phosphate  

Chlor�ne: free  

Chlor�ne: Total  

BIOLOGICAL AND MICROBIOLOGICAL PARAMETERS
Col�form: faecal   

Col�form: Total 

Sampl�ng frequency daily (SW, monthly 
GW)

daily (physio-
chemical and 
microbiological) to 
quarterly (toxicants)

weekly to 
fortnightly 
(densely 
populated)

Depend�ng on c�rcumstances at hand such a parameter may be analysed
Algae   

Chlorophyll   

TOXICANT PARAMETERS
Lead   

Copper   

Z�nc  

Arsen�c  

Sampl�ng frequency weekly till concentration confirmed to be acceptable or source 
el�m�nated
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Appendix 3p: Sampling for Rural Supplies

Technology Frequency
Dry season Rainy season

Deep boreholes Monthly Monthly
Shallow Wells Monthly Fortn�ghtly
Spr�ngs Monthly Weekly
Grav�ty Flow Scheme (GFS) Monthly Fortn�ghtly
Ra�n water Monthly Weekly

Appendix 3q: Guideline values for chemicals from agricultural activities that are of 
health significance in drinking‑water

Guideline value
Chemical μg/l mg/l Remarks

Non-pesticides

Nitrate (as NO3
_ ) 50 000 50 Short-term exposure

Nitrite (as NO2
_ ) 3 000 3

Short-term exposure; a provisional guideline value 
for chronic effects of nitrite that was in the third 
edition has been suspended and is under review 
owing to significant uncertainty surrounding the 
endogenous formation of nitrite and concentrations 
in human saliva.

Pesticides used in agriculture
Alachlor 20a 0.02a

Aldicarb 10  0.01 Applies to aldicarb sulfoxide and aldicarb sulfone

Aldrin and dieldrin 0.03 0.000 03 For combined aldrin plus dieldrin

Atrazine and its 
c h l o r o - s t r i a z i n e 
metabolites

100 0.1

Carbofuran 7 0.007

Chlordane 0.2 0.0002

Chlorotoluron 30 0.03

Chlorpyrifos 30 0.03

Cyanazine 0.6 0.0006

2,4-Db 30 0.03 Applies to the free acid

2,4-DBc 90 0.09

1 , 2 - D i b r o m o - 3 -
chloropropane 1a 0.001a

1,2-Dibromoethane 0.4a(P) 0.0004a(P)
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Guideline value
Chemical μg/l mg/l Remarks

1,2-Dichloropropane 40(P) 0.04(P)

1,3-Dichloropropene 20a 0.02a

Dichlorprop 100 0.1

Dimethoate 6 0.006

Endrin 0.6 0.0006

Fenoprop 9 0.009

Hydroxyatrazine 200 200 0.2 Atrazine metabolite

Isoproturon 9 0.009

Lindane 2 0.002

MCPAd 2 0.002

Mecoprop 10 0.01

Methoxychlor 20 0.02

Metolachlor 10 0.01

Molinate 6 0.006

Pendimethalin 20 0.02

Simazine 2 0.002

2,4,5-Te 9 0.009

Terbuthylazine 7 0.007

Trifluralin 20 0.02

P, provisional guideline value because of uncertainties in the health database
aFor substances that are considered to be carcinogenic, the guideline value is the concentration in 
drinking-water associated with an upper-bound excess lifetime cancer risk of 10−5 (one additional 
cancer per 100 000 of the population ingesting drinking-water containing the substance at the 
guideline value for 70 years). Concentrations associated with estimated upper-bound excess lifetime 
cancer risks of 10−4 and 10−6 can be calculated by multiplying and dividing, respectively, the 
guideline value by 10.

b2,4-Dichlorophenoxyacetic acid.
c2,4-Dichlorophenoxybutyric acid.
d4-(2-Methyl-4-chlorophenoxy) acetic acid.
e2,4,5-Trichlorophenoxyacetic acid.
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Appendix 3r: Disinfection by-products present in disinfected water

Disinfectant
Significant
organohalogen 
products

Significant
inorganic products

Significant non‑
halogenated
products

Chlor�ne/
hypochlorous ac�d
(hypochlor�te

THMs, HAAs, 
haloaceton�tr�les,
chloral hydrate,
chlorop�cr�n, 
chlorophenols,
N-chloram�nes,
halofuranones,
bromohydr�ns

Chlorate (mostly
from hypochlor�te
use)

Aldehydes, cyanoalkano�c
ac�ds, alkano�c ac�ds,
benzene, carboxyl�c ac�ds, 
N-n�trosod�methylam�ne

Chlor�ne d�ox�de Chlor�te, chlorate Unknown

Chloram�ne

Haloaceton�tr�les,
cyanogen chlor�de, 
organ�c
chloram�nes, 
chloram�no
ac�ds, chloral hydrate,
haloketones

N�trate, n�tr�te,
chlorate, hydraz�ne

Aldehydes, ketones,
N-n�trosod�methylam�ne

Chloram�ne

Bromoform,
monobromoacet�c
ac�d, d�bromoacet�c
ac�d, d�bromoacetone,
cyanogen brom�de

Chlorate, �odate,
bromate, hydrogen
perox�de, 
hypobromous
ac�d,
epox�des, ozonates

Aldehydes, ketoac�ds,
ketones, carboxyl�c ac�ds

Sod�um
d�chloro�socyanurate

As for chlor�ne/
hypochlorous ac�d
(hypochlor�te)

Cyanur�c ac�d

Appendix 3s: Inorganic Constituents of Health significance

Parameter Unit Gu�del�ne Value Remarks
Ant�mony (Sb) mg/l 0.005 -
Arsen�c (As) mg/l 0.0�
Bar�um (Ba) mg/l 0.7
Beryll�um mg/l No gu�del�ne value set
Boron (B) mg/l 0.3
Cadm�um (Cd) mg/l 0.003
Chrom�um (Cr) mg/l 0.05
Copper (Cu) mg/l �
Cyan�de (Cn) mg/l 0.07

Fluor�de (F) mg/l �.5 Local or cl�mat�c cond�t�ons 
may necess�tate adapt�on.

Lead(Pb) mg/l 0.0�
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Manganese (Mn) mg/l 0.05
Mercury (Hg) mg/l 0.00�
Molybdenum (Mo) mg/l 0.07
N�ckel (N�) mg/l 0.0�
N�trate(NO3) mg/l 50
N�tr�te (N03) mg/l 3
Selen�um (Se) mg/l 0.0�
Sulphate (SO,) mg/l �50

Thall�um - No gu�del�ne value set

Uran�um - No gu�del�ne value set

Appendix 3t: Organic Constituents of Health significance

Parameter Guideline Value
Organ�cs (non-pest�c�de)
a. Chlor�nated alkanes:

Carbon tetrachlor�de �
D�chloromethane �0
�,� - d�chloroethane NAD
�,� - d�chloroethane 30
�,�,�-tr�chloroethane �000
�,�,�-do -

b. Chlor�nated ethenes.
V�nyl chlor�de 5
�,� - d�chloroethene 30
�.� - d�chloroethenes 50
C�s �.� - d�chloroethene -
bans - do -
Tr�chloroethene 70
Tetrachloroethene 40

c. Aromat�c hydrocarbons:
Benzene �0
Toluene 700
Xylenes 500
ethylbenzene 300
Styrene �0
benzo (a) pyrene 0.7

d. Chlor�nated benzenes,
monochlorobenzene 300
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Parameter Guideline Value
�,� - d�chlorobertzene �000
�,4 - d�chlorobertzene , 300
� Tr�chlorobenzenes (total) �0
�,�,4 - tr�chlorobenzene -

e. M�scellaneous Organ�cs
d� (� - ethylhexy) ad�pate 80
d� (� - ethythexy) phthalate 8
acrylam�de 0.5
ep�chlorohydr�n 0.4
hexachlorobutad�ene 0.6
hexachlorocyclopentad�ene -
�,3.7,8-TCDD (d�ox�n) -
EDTA �00
n�tr�lotr�acet�c ac�d �00
D�alkylt�ns NAD

Tr�butyl�n ox�de �
Pest�c�des
alachlor �0
ald�carb �0
ald�carb sulfone -
- do – sulfox�de -
Aldr�n/d�edr�n 0.03
atraz�ne �
bentazon 30
carboofuran 5
chlordane 0.�
chlortoluron 30
DDT �
�,� - d�bromo - 3 - chloropropane �
�,4-D 30
�.�- d� chloropropane �0
�,3- d� chloropropane NAD
�,3- d�chloropropene �0
dalopon -
d�noseb -
d�quat -
ethylene d�brom�de NAD
endothall -



WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 15‑42

T H E  R E P U B L I C  O F U G A N D A M I N I S T RY O F WAT E R  A N D  E N V I R O N M E N T

WA T E R  S U P P LY  D E S I G N  M A N U A L  S E C O N D  E D I T I O N 

Parameter Guideline Value
endr�n -
glyphosate -
heptachlor/heptachlor epox�de 0.03
exchlorobenzene �
�soproturon 9
l�ndane �
MCPA �
methoxychlor �0
metolachlor �0
mol�nate 6
oxamyl (vydate -
pend�methal�n �0
pentachlorophenol 9
permethr�n �0
p�cloram -
polychlor�nated byphenyls (PCBs) -
propan�l �0
pyr�date �00
s�maz�ne �
toxaphene -
trifluralin �0

chlorophenoxy herb�c�de other than �,4-D and MCPA:
d�chlorprop �00
�,4 - DB 90
�,4,5-T 9
s�lvex 9
mecoprop �0
MCPB NAD
D�s�nfectant by-products
bromate �5
chlor�te �00
chlorate NAD
chloropheno�s �00
�.4,6-tr�chloropheno! 900
formaldehyde
tr�halomethanes (THMs);
bromoform (tr�bromomethane) �00
d�bromochloro - methane �00
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Parameter Guideline Value
bromod� chloro-methane 60
chloroform (tr�chloromethane) �00
chlor�nated acet�c ac�ds;
d�chloroacet�c ac�d 50
tr�chloroacet�c ac�d �00
trlchloroacetaldetryde/chloral hydrate �0
haloaceton�t�r�es:
d�bromoaceton�tr�le �00
d�chloroaceton�tr�le 90
tr�chloroaceton�tr�le �
cynogen chlor�de (as CN” 70

Appendix 3u: Desirable aesthetic quality

Parameter Guideline Value
Phys�cal Character�st�cs
Colour (TCU) �5
Taste and Odour (TON
Hydrogen-sulph�de 0.05 mg/l
pH <8.0
Temperature
Tub�d�ty 5 NTU<� NTU
Total d�ssolved sol�ds �000 mg/l
Conduct�v�ty
Ox�d�sab�l�ty (Permanganate value)
Hardness (Ca)
Substances undes�rable �n excess (to prevent
colour, taste, corros�on etc)

Alkal�n�ty (HCO3)
Alum�n�um 0.� mg/l
Ammon�a �.5 NH3, mg/l

Calc�um �50 mg/l
Chlor�de � mg/l
Copper
Iron 0.3 mg/l
Magnes�um 0.�0 mg/l
Manganese
Phenols (c6H5OH)
Phosphorus
Potass�um
S�lver
Sod�um �00 mg/l
Sulphate �50 mg/l
z�nc 3 mg/l
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APPENDIX 5a: Recommended Water Supply Drawing Symbols

NO. SYMBOL DESCRIPTION

1 water flow meter

2 valve

3 Globe valve

4 Gate valve

5 check valve

6 elbow 450

7 elbow 900

8 Flanged valve

9 crossing pipe, connected

10 reducing valve

11 reducer

12 pump

13 centrifugal pump

14 compressor /turbine

15 reciprocating pump
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NO. SYMBOL DESCRIPTION

16 rotary pump

17 screw pump

18 Pipe guide

19 Butterfly

20 Plug Valve

21 Hose Bib

22 Plug Valve

23 Motor Operated valve

24 Angle gate Valve

25 Float Valve

26 Stop Cock

27 Cap

28 Joint

29 Flanged Reducer

30 Multi – Fit Coupling

31 Exixting Fire Hydrant
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NO. SYMBOL DESCRIPTION

32 Proposed Fire Hydrant

33 Existing Isolating Valve

34 Proposed Isolating Valve

35 Angle globe Valve

36 Safety Valve

37 Water Hammer Arrestor

38 Tee

39 Cross

40 Expansion Joint

41 Reducing Elbow

42 Angle Check Valve

43 Union

44 Pressure Reducing valve
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NO. SYMBOL DESCRIPTION

45 Fire Protection Water Supply

46 Wye

47 Meter

48 Tap

49 Treatment Works

50 Tap

51 Pumping Stations

52 Bore hole

53 Public Water Points

54 Break pressure tanks

55 Storage reservoir
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APPENDIX 6c: Hazen‑Williams Coefficients and Head Loss Formula

Typ�cal C factors used �n des�gn, wh�ch take �nto account some �ncrease �n roughness as p�pe ages are as 
follows (Hazen-Williams Coefficients, Engineering Tool Box)

Material C Factor low C Factor high

Asbestos-cement �40 �40

Cast �ron new �30 �30

Cast �ron �0 years �07 ��3

Cast �ron �0 years 89 �00

Cast �ron 30 years 75 90

Cast �ron 40 years 64 83

Cement-Mortar L�ned Duct�le Iron P�pe �40 �40

Concrete �00 �40

Copper �30 �40

Steel 90 ��0

Galvan�zed �ron ��0 ��0

Polyethylene �40 �40

Polyv�nyl chlor�de (PVC) �50 �50

F�bre-re�nforced plast�c (FRP) �50 �50

General Hazen W�ll�ams formulae

V = kCR0.63S0.54

and exponent�at�ng each s�de by �/0.54 g�ves (round�ng exponents to � dec�mals)

V�.85 = k�.85 C�.85 R�.�7 S

Rearrang�ng g�ves

17.185.185.1

85.1

RCk
VS =

The flow rate Q = VA, so

85.117.185.185.1

85.1

85.117.185.185.1

85.185.1

ARCk
Q

ARCk
AVS ==

The hydraul�c rad�usR (wh�ch �s d�fferent from the geometr�c rad�us r) for a full p�pe of geometr�c 
d�ameter d �s d/4; the p�pe’s cross sect�onal area A is πd�/4 , so

87.485.185.1

85.1

87.485.185.185.1

85.102.3

87.485.185.185.1

85.102.3

70.317.185.185.185.1

85.185.117.1 916.74444
dCk

Q
dCk

Q
dCk

Q
ddCk

QS ====
πππ
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When used to calculate the head loss w�th the Internat�onal System of Un�ts, the equat�on becomes:

87.485.1

85.167.10
dC
LQhf =              http://en.w�k�ped�a.org/w�k�/Hazen-W�ll�ams_equat�on

Where hf = head loss over a length of p�pe, m (head pressure), L = length of p�pe, m (meters),

Q = volumetric flow rate, m3/s (cub�c meters per second) and d = �ns�de p�pe d�ameter, m (meters).
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Appendix 6e: Sample Well Log

Source: Water for the World, Maintaining Well Logs. Technical Note No. RWS.2.C.6
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Appendix 6f: Sample Water Quality Analysis Report

Note:

Parameters maybe added or removed as per the requ�remnt of the user
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Description of Parameters on the Graph

The Jacob method �s appl�cable only to the zone �n wh�ch steady-shape cond�t�ons preva�l or to the ent�re 
cone only after steady-state cond�t�ons have developed. Th�s t�me tc �n m�nutes for wh�ch steady-shape 
cond�t�ons are ach�eved can be calculated as. 

    (1)

where, r is the distance from the pumping well, meters, S is the estimated storage coefficient 
(d�mens�onless), and T �s the est�mated transm�ss�v�ty �n square meters per day.

After steady-shape cond�t�ons have developed, the drawdowns at an observat�on well beg�n to fall 
along a straight line on semilogarithmic graph paper as shown in the figure above. Before that 
t�me, the drawdowns plot below the extens�on of the stra�ght l�ne . When a t�me-drawdown graph 
�s prepared, drawdowns are plotted on the vert�cal (ar�thmet�c) ax�s versus t�me on the hor�zontal 
(logar�thm�c) ax�s.

The slope of the stra�ght l�ne �s proport�onal to the pump�ng rate and to the transm�ss�v�ty. Jacob der�ved 
the following equations for determination of transmissivity (T) and storage coefficient (C) from the 
t�me-drawdown graphs:

   (2)

   (3)

where Q is the pumping rate, ∆s is the drawdown across one log cycle, to �s the t�me at the po�nt where 
the stra�ght l�ne �ntersects the zero-drawdown l�ne, and r �s the d�stance fromthe pump�ng well to the 
observat�on well.

Equat�ons (�) and (3) are �n cons�stent un�ts,thus, �f Q �s �ncub�c meters per day and s �s �n meters, T 
�s �n square metersper day. S �s d�mens�onless, so that, �n equat�on (3), �f T �s �nsquare meters per day, 
then r must be �n meters and to must be �n days. The reader �s reffered toBas�c groundwater hydrology 
by Ralph C. Heath for �ndepth d�scuss�on and calculat�on of Transm�s�v�ty, Storab�l�ty and hydraul�c 
conduct�v�ty.  


